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Abbreviations
This section lists important terminology related to information push technologies. It is 
intended to be used as a point of reference for the reader to refer back to. Table i refers to 
standard terminology reported in the literature. Table ii refers to the author’s terminology 
used for explaining concepts considered later in the thesis.
Keyword o r Abbreviation Definition
Information management The planning, budgeting, control and exploitation of the 
information resources in an organisation. The term 
encom passes both the information itself and the related 
aspects such as personnel, finance, marketing, organisation 
and technologies and system s1
Information set An information set is a  static set of documents (e.g. 
document repository)
Information stream An information stream is an oncoming stream of documents 
(e.g. stream of news bulletins)
Information Retrieval (IR) Refers to the selection of data from a  fixed data set. Retrieval 
systems are typically used when a  user initiates a  search 
query for information.
Information Filtering (IF) Refers to the selection of relevant information from a  stream 
of dynamic or incoming data (O’Riordan et al, 2002). Filtering 
systems are typically used to sift though information that 
becomes newly available.
Collaborative Filtering (CF) The filtering of information based on the relationships 
between people and their subjective judgements about 
information (Malone et al, 1987).
Content filtering The selection or rejection of information based on content. 
For example a  filter might select all the information that 
contains a  specific text string.
Economic filtering The filtering of information based on the costs of producing 
and the benefits of reading information.
Agent Used to denote a  hardware and/or software-based computer 
system that exhibits the following properties: autonomy, 
social ability, reactivity and pro-activeness.
Multi-Agent-Systems (MAS) A system of socially aware agents usually employed where a 
problem is considered to complex for a  centralised agent. 
(Wooldridge 2002)
RSS Really Simple Syndication or Rich Site Summary, the 
specification of a  technology for the syndication of web 
based news items.
Table i: List o f keywords and abbreviations for standard terminology
1 Definition o f information management, cited from the online dictionary; www.dictionary.com. on 10/6/06.
X
Keyword or Abbreviation Definition
Information Push Information push relates to a  paradigm of automated 
information support for knowledge workers and their 
activities. The principal distinguishing characteristic, and the 
aspect which differentiates it from information retrieval (IR) 
is that the identification and provision of pertinent 
information is carried out via an automated process.
Profile A component of an information push system which 
embodies a  representation of information needs, required in 
order for an assessm ent to be made about which 
information is relevant to a  computer user.
Content An information set (e.g. document repository) or stream 
(e.g. stream of news bulletins) for an information push 
system to deliver information from.
Profile-Content Matching The component of an information push system that 
evaluates whether the information should be rejected or 
selected for delivery to the user. In some information push 
systems this is referred to a s  an information filter.
Filtering System Systems that push information when new or changed 
information becomes available inline with user information 
preferences
Autonomous Retrieval Systems (typically agent-based) that enable autonomous 
search and retrieval capabilities for delivering information in 
line with the changing information needs of a  computer user
Profile element Data items to be recorded or monitored, that form the basis 
of a  profile representing a  computer user’s information 
needs
Table ii: List of keywords and abbreviations developed by the 
author
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Table iii lists and defines the mathematical symbols used throughout the thesis
Category Symbol Definition
General reference symbols 
used in the BCI Approach 
(Chapter 8)
d A reference to an electronic document (/) recorded 
as being referred to or used in a  computer user’s 
working session
c A classification assigned to document pair which 
defines the extent to which they are related in the 
context of their usage in a  computer user’s  working 
session.
Data items contributing to 





'/ Time of first access
h Time of last access
V Time in view or focus
s Access period (/, - tf)
f Frequency a document is brought into view
t Application type (browse or edit)
o Document origin (local or remote)
Pxy Temporal proximity in seconds, referring to the time 
span between the use or viewing of documents x  
and y
a A generalised reference to any of the above data 
items contributing to the evidence used in the naive 
Bayesian classification process, for the identification 
of contextual dependencies between documents.
Statistical notation used in 
the BCI Approach 
(Chapter 8)
P(A) The probability that event A  will occur
P(A\B) The conditional probability that A  occurs, given that 
B has occurred
P(A)' P(B) The product of 2 independent probabilities P(A) and 
P(B)
AAB A condition where A and B  occurs (intersection)
A data item of type j
nx The number of training examples satisfying 
condition x.
P Probability estimate used in the m-estimate method
m Equivalent sample size used in the m-estimate 
method
Statistical notation used in 
the evaluation of the BCI 
Approach 
(Chapter 9)
H0 The null hypothesis a s  used in hypothesis testing
H , The alternative hypothesis as  used in hypothesis 
testing
P Correlation co-efficient as used in hypothesis testing
a Significance level a s  used in hypothesis testing
Table iii List o f mathematical symbols used throughout the thesis
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Abstract
This thesis describes research carried out to investigate and develop ‘information push’ 
technologies. Essentially, information push approaches introduce autonomy in the 
dissemination o f electronically stored information between computer users. The work has 
been oriented to establish benefits in the general area o f information management, but 
with an emphasis on issues faced in the field o f engineering design. Airbus UK, a 
stakeholder in the research, provided the impetus for the research topic having highlighted 
current information management needs and issues in their organisation.
In the literature review, an endeavour is made to provide a unified overview of theory and 
technologies geared towards information push. This includes the consolidation and 
critique o f literature in the fields of Information Retrieval, Artificial Intelligence, Human 
Computer Interaction and other domains. The results reveal that there are many avenues 
and approaches for implementing push-based systems. As a result, a large number o f 
combinatory approaches are possible, but many have yet to be fully reviewed or 
researched. This finding is further substantiated from a state-of-the-art review conducted 
on existing academic and commercial systems.
The research has resulted in a number o f contributions and developments. A key 
contribution is the development of a model identifying the primary modes of information 
push which help to define the scope of the research field. A further contribution is made 
with the generation of a range of approaches specifically developed with applications in 
design information management in mind—highlighting numerous avenues worthy o f 
further research.
The most promising approach arising from the early research was extended, and a 
supporting software prototype was developed. The approach, which supports a particular 
type of information push, uses captured data to identify relationships between documents 
used by an individual or group, representing their value in a given context — that may relate 
to a specific information need or activity. A final contribution is made through the testing 
and evaluation of this approach in industrial and academic settings. The main results
xiv
indicate that it provides a method for the establishment of a novel type of document 
similarity matrix which can be usefully exploited in the development o f push technologies.
It is clear from the research that the paradigm of information push has much potential to 
be o f benefit in certain working domains and circumstances. However, it is also clear that 
associated supporting technologies are in their infancy. It is concluded that further 
advancement of push technology is reliant on more detailed and sophisticated capture and 
interpretation o f computer user’s interactions — specifically in relation to interactions with 
electronic information. This key point is identified as the main barrier in the development 
o f more powerful systems delivering relevant information to computer users, improving 
efficiency in information intensive working environments.
xv
PARTI
PART I: Toward autonom ous information support in knowledge-based
organisations
A unified overview of theory and technologies geared towards automated information support for 
computer users. This includes the critique of literature in IR, Al, HCI and other domains into a 
unique depiction of the field of study. The primary contribution is the Information Push Paradigm
Model (IPM).
Chapter 1
An introduction to 
Information Push
Chapter 2
A review of key research 
and technologies
Chapter 3
A study of systems in 
commerce and academia
--------------------- ---------- --------------------------------------------------------------------- 4-------------------------------- ,
PART II: Information Push in 
Engineering Design
The development of design information push 
strategies under the consideration of relevant 
issues in engineering design practice. The 
primary contribution is the Activity Profiling 
Methodology (APM) for task-centred 
information support in design.
Chapter 4
Managing electronic information in design 
engineering
Chapter 5
Push-based strategies in design 
information management
Chapter 6
An activity profiling methodology 
supporting push
PART III: Empirical studies on the 
potential applications of activity 
profiles
Empirical research involving a number of 
analyses of data captured during working 
sessions on computer. The primary 
contribution is the Bayesian Evaluation of 
Context Indicators (BCI) approach
Chapter 7
CIFLEX II: A software prototype for the 
capture and exchange of contextual info.
Chapter 8
An approach for the Bayesian evaluation 
of context indicators
Chapter 9





Engineering design is an information-driven activity and one that relies on 
designers having access to up-to-the-minute and relevant information to 
support them in the task they are undertaking. This is particularly important 
as systems and products become more complex and are required to be more 
inventive to satisfy customer requirements. However, it is becoming more 
difficult manage design information since the amount that is being created is 
increasing at a considerable rate (Edmunds & Morris, 2000; Ehrlenspiel, 
1997). There are two approaches to overcoming this problem— one is to 
develop inventive search strategies and there is considerable research activity 
in this area (e.g., McMahon et al, 2003; Liu et al 2006; Darlington et al 2005). 
The second is to develop methods to push well-targeted information to 
engineering designers as they undertake specific tasks. The research presented 
in this thesis deals with the latter approach.
1.1 Chapter overview
The aim of this chapter is to provide the reader with a perspective on how the issues 
addressed lie within the broader framework of issues being investigated in design research 
and information management research. To begin with, consideration is given to the 
general nature o f design activities and the specific aspects under investigation in this work. 
In particular, the opening section provides a general introduction to the relevance of push 
technology in the context of design activities and associated research.
Following this, some consideration is given to how the concepts of information and 
knowledge-based working practices may be appropriately characterized within the context 
o f this research. This includes a review of some relevant contemporary issues faced in 
information management strategy, brought about from the transition to working with
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digital media. A shared, common understanding of these aspects is vitally important for 
some of the ideas and concepts presented later.
Finally, the emerging paradigm o f “information push” is given further attention. This 
section includes a model and classification scheme of push technologies developed by the 
author, which is intended to serve as a frame of reference for the reader in subsequent 
chapters. In addition, an initial discussion of some of the possible benefits to be explored 
within this thesis is provided.
In the remaining sections, details of the research methodology, the primary research 
questions and the structure of the thesis are provided.
1.2 Background and motivations
The practice o f engineering design is highly reliant on information technology for the co­
ordination o f the product development process. This reliance is perhaps more important 
than ever in the aerospace sector where high technology products are involved. Research 
and development into new methods and approaches for maximising the effectiveness o f 
information management systems is therefore o f primary importance to organisations 
seeking competitive advantage.
The development of effective solutions to the information management problems 
suffered by engineering organisations presents an interesting but challenging topic for 
design researchers. Few would disagree that further advances are dependent upon 
extending existing knowledge and understanding of the design process -  and indeed, 
much effort in recent decades has been devoted to improving this understanding through 
the development of design process models or theories of design (e.g., Hubka 1982; Pahl & 
Beitz; Pugh 1991; Suh 1990).
Nevertheless, according to a recent study conducted by Sim and Duffy (2003) there is still 
much to be learn about the reality o f events and activities within the design process. In 
their work they identify a gap in existing knowledge relating to a description (or 
prescription) of the complete extent and nature o f the activities that designers perform.
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They contend that what is needed is an ontology of design activities so that the 
proponents of models and theories of design and practitioners have a shared 
understanding of what each specific design activity entails — they provide one perspective 
of such an ontology (see Table 1-1) which is corroborated through various studies 
reported in the literature of the designer at work.
This research is concerned with extending knowledge and developing solutions associated 















Design definition activities (function to form/structure)
Abstracting * * ✓ </
Associating ✓ «/ *
Composing *
Decomposing </ V * V *
Defining * ✓ ✓
Detailing ✓ v
Generating i/ y V
Standardising V *
Structuring V «✓
Synthesising </ ✓ i/ V V
Design evaluation activities (form/structure to behaviour/effects)
Analysing </ </ ✓ *
Decision making ✓ V V
Evaluating ✓ </ V V
Modelling * ✓ </ V
Selecting ✓ ✓ ✓ «/
Simulating </ *




Identifying ✓ ✓ </




Searching * </ ✓ *
Selecting </ ✓ ✓
Scheduling * ✓
Table 1-1: Elements o f design tasks involved in prominent 
models or theories o f the design process (Sim & Duffy 2003)
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information searching and gathering aspects o f designing. As Table 1-1 indicates, these 
aspects are included in several prominent models and theories o f the design process.
In modem design environments the routine tasks o f designers and knowledge workers can 
involve search and access to electronic documents from a variety of sources in personal 
archives and on networked repositories; the prominence and fundamental importance of 
these activities are reported by many in the literature (Lowe 2002; Ullman 2002; Court 
1995; Hales 1991) -  particularly in the latter stages of design. In these tasks, designers 
draw on numerous information sources, which inform decisions and provide general 
support for their activities. For example, the design of a component or mechanical 
assembly may involve the following tasks:
•  Assessment o f literature for the identification of the correct design procedure or 
protocol to be followed. Relevant information may be obtained from the 
engineering corporation’s information repositories or from external sources such 
as regional or international standards organizations.
• Evaluation o f supplier data for the selection and incorporation of standard 
components into a new or modified design.
• Reference to historical records o f previous designs to inform decisions relating to 
a current design.
• Reference to patent databases, design guides, product specifications, competitor 
information etc.
• The creation or manipulation o f product design data contained within geometric 
models, reports specifications etc.
The focus o f this research is to target computer-based activities involving the mix o f 
information handling activities described above and establish techniques for assisting in 
beneficial information flows between users of this design information. More specifically, 
the goal of this work is to: identify and develop approaches when computer systems play a mon pro­
active role in supporting the user by organising andpnsenting information that is most likely to by of use or
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assistance in their activities. In this research, such approaches are referred to as information 
push approaches.
1.3 Characterizing information and knowledge work
A pertinent question arising from the goal specified above is how should the general 
nature of information and users engaged in knowledge-based working practices be defined 
in this work? To this end, some brief coverage of relevant literature in these areas is 
provided in this introductory section.
1.3.1 The nature of information
The nature and meaning of the term “information” is given considerable attention in the 
fields of mathematics, philosophy and also a number of applied sciences as well as 
engineering design.
In classical information theory, Shannon (1948) presents a mathematical description o f the
communication o f information between source and receiver. In this work, the concept o f
Author(s) Data Information Knowledge
Wiig (1993) Facts organised to 
describe a  situation or 
condition
Truths and beliefs, 






A flow of meaningful 
m essages
Commitments and beliefs 




Not yet interpreted 
symbols
Data with meaning The ability to assign 
meaning
Davenport (1997) Simple observations Data with relevance 
and purpose




A set of discrete facts A m essage meant to 
change the receiver’s 
perception
Experience, values, 




Text that does not 
answer questions to 
a  particular problem
Text that answers the 
questions who, when, 
what or where
Text that answers the 
questions why or how
Choo, Detlor and 
Turnbull (2000)
Facts and m essages Data vested with 
meaning
Justified, true beliefs
Table 1-2: Various definitions of data, information and 
knowledge (Stenmark 2001)
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information entropy is used, which describes the randomness or uncertainty in a message. 
As observed by Lowe (2002a), this definition is grounded in a ‘syntactic’ (form of) 
perspective of information, where the flow of signals are measured with no requirement 
for a semantic (meaning of) perspective. This type of definition is particularly suitable 
when considering the technical (i.e. information technology related) aspects of 
communication2.
Alternative accounts o f information often involve the distinction between related concepts 
o f data and knowledge. A survey conducted by Stenmark (2001) provides an overview of 
various authors’ views, which is summarised in Table 1-2. Although common definitions 
for these terms are lacking consensus, a reoccurring theme is to define information with 
reference to data and to define knowledge with reference to information.
Furthermore, a number o f applied sciences, particularly those related to information 
intensive industries such as engineering design or computing science often adopt their 
own definitions. A number of formalisations in the field o f design engineering have been 
proposed relating to the formality and structure of information. For example, the 
definitions provided by Court (1995) provide concise and clear definitions that are 
particularly appropriate within this domain.
• DATA is defined as known facts or specific details held within the global form of 
information.
• INFORMATION is defined as something that is told, knowledge, items o f 
knowledge and news, containing an amount of data (both useful and not).
• KNOWLEDGE is defined as the ability of the individual to understand 
information and the manner with which to handle, apply and use it in a given 
situation. This is built upon the individual’s experience gained by establishing the 
relationships between different items of information and data.
2 Most applications to-date have been in coding theory, associated with maximising efficiency in the transmission and 
storage o f information, although another principle application area has been the use o f the theory in the development 
of cryptographic systems.
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In the work undertaken by the author a view is taken that the transition to information 
occurs when data is placed in context and the transition to knowledge occurs when 
understanding is applied to information. For example a data item within a table becomes 
information when it is considered in the context o f the column and row that define what it 
refers to. The transition to knowledge occurs when the perceptions or actions o f the reader 
of the information in the table are altered through their understanding of it.
Some general information theoretic principles were also found to be useful for 
characterising aspects o f the design information lifecycle, particularly in relation to the 
possible impact o f the use of push technologies. These aspects are discussed in Chapter 6.
1.3.2 The practice of knowledge work
In the previous section some coverage was given on how the concept of information is 
interrelated with knowledge. In this section the discussion of these concepts is extended 
with a consideration of organisations involved in the creation o f information and 
knowledge.
As early as the late fifties, Drucker (1959) observed and commented on the increasing 
importance of industries dominated by intellectual effort in contrast to those largely driven 
by manual labour since the start of the industrial revolution.
"Productive work in today's society and economy is work that applies vision, knowledge 
and concepts -  work that is based on the mind rather than the hand."
The term “knowledge worker” was coined to reflect a new type o f employee in the 
workforce of these emergent industries as, “ .. .one who works primarily with information 
or one who develops and uses knowledge in the workplace.”
Since then, the value of knowledge work to industry and society has increased, along with 
the capacity for consuming, creating and communicating information with the advent of 
the digital age. These changes have brought questions to the fore about the understanding 
o f knowledge work and the ways in which efficiency could be maximised in such 
environments. For example: how should knowledge be considered in the context of the 
individual and the organisation, and, how should people and information be managed to
1-7
I n t r o d u c t i o n
maximize productivity? Some brief coverage of related literature on these aspects is 
presented in the following sections.
1.3.3 Knowledge in the context of the individual and the organisation
Davenport and Prusak (1998) define knowledge as, “ ...a  fluid mix of framed experience,
values, contextual information, and expert insight that provides a framework for
evaluating and incorporating new experiences and information. It originates and is applied
in the minds o f knowers. In organizations, it often becomes embedded not only in
documents or repositories but also in organizational routines, process, practices, and
norms.”
This definition is appropriate in the context of this research as it illustrates the process o f 
knowledge creation from the individual’s perspective. In essence, the first part describes 
the aspects which form the ‘framework’ o f existing knowledge and how this is applied for 
evaluating and creating new ideas and experiences and the second highlights an external 
state of knowledge.
Drucker (1979) places a particular emphasis on the output or external impact o f 
knowledge as he defines knowledge as, “ ...information that changes something or 
somebody — either by grounds for actions, or by making an individual (or an institution) 
capable of different or more effective actions.” The separation of two types of knowledge, 
relating to internal and external states, is a reoccurring theme. Polanyi’s (1996) distinction 
between two types of knowledge, tacit and explicit, is often cited in the literature:
’Explicit knowledge can be expressed in words and numbers, and easily communicated 
and shared in the form of hard data, scientificformulae, codified procedures, or universal 
principles. Thus, knowledge is viewed ynonymously with a computer code, a chemical 
formula, or a set of general rules. ”
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<rTacit knowledge is highly personal and hard to formalise, making it difficult to 
communicate or to share with others. Subjective insights, intuitions, and hunches all fall 
into this categoiy of knowledge. Furthermore, tacit knowledge is deeply rooted in an 
individuals action and experience, as well as in the ideals, values or emotions he or she 
embraces. ”
However, the distinction between these two types o f knowledge is an area of controversy. 
Some, who believe that this definition of explicit knowledge is no different from 
information, argue this point. For example, Alavi and Leidner (2001) note that, 
“ ...information is converted to knowledge once it is processed in the mind of the 
individuals and knowledge becomes information once it is articulated.”
A notable critique of knowledge within the organisation has been undertaken by Nonaka 
and Takeuchi (1995). Among other insights, they describe the influence o f the 
organisational framework and group dimension involved with the creation o f knowledge: 
“Most organizational knowledge-creation happens at the group level, in an environment 
supported by the organization... The knowledge spiral happens when team members 
share their experiences and models.” This observation highlights that although knowledge 
creation can obviously only occur within the mind of the individual, the supporting 
infrastructure of people and information are important aspects which should be given 
special attention.
It is hardly to be expected that a single concept of information and knowledge would 
satisfactorily account for the numerous contexts in which they might be employed. 
Furthermore, it is not the purpose of this work to delve too deeply in epistemological 
issues related to sources of knowledge and the role of information. In this work, various 
perspectives are considered at different points throughout the thesis.
1.3.4 Managing people and information in knowledge-based organisations 
A factor which is likely to influence the productivity of knowledge oriented organizations 
is the environment in which people perform their work. In order for people to contribute 
new knowledge it follows that they must be situated in an environment conducive to
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learning from others or having the information, artifacts or other stimuli available to 
generate new ideas and concepts.
There are various perspectives to consider when developing a strategy for how people 
should be organized and managed — particularly as modem organizations have a number 
o f functions to perform both internally and externally to be successful. For example, a 
large organization might contain separate departments performing business facing or 
customer facing functions. In addition, cross functional project teams may be required for 
the accomplishment o f deliverables, as a further consideration (Prasad 1995).
A particularly relevant aspect discussed in the literature is on the concept o f “Communities 
o f Practice” (COP) (Wenger & Synder, 2000). In contrast to other groups formed within 
an organization,3 the sole purpose of a community o f practice is develop members’ 
capabilities and exchange knowledge. The authors suggest that although such groups are 
not a new invention and their formation occurs without mandate, organizations should be 
more proactive in encouraging and nurturing them.
"In general, we have found that managers cannot mandate communities of practice.
Instead, succesful managers bring the right people together, provide an infrastructure in 
which communities can thrive, and measure the communities> value in non traditional 
ways. ”
Communities o f practice are interesting and relevant in the context of this work as they are 
specifically directed towards promoting effective knowledge transfer. Furthermore, 
Wenger and Synder report from their research on the subject, that COPs can help to drive 
strategy, generate new lines of business, solve problems, promote the spread o f best 
practices and help develop people’s professional skills.
1.4 Information use in the digital age
The use of digital technologies is having a large and obvious impact on the way knowledge 
workers conduct their activities. In this section, some of the main issues are discussed,
3 Where the purpose of a group such as a project team may be to accomplish a specified task, or to deliver a product or 
service
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including the adoption of electronic formats over paper-based mediums and the new 
possibilities presenting themselves as a result o f this change.
1.4.1 The transition from paper to electronic information mediums
The concept of a papedess office, a working environment where there is no reliance on 
paper-based information in day-to-day office activities, has captured the interest of 
technologists and researchers since the introduction and widespread use o f electronic 
information systems. In particular, forecasts o f when and how this might happen are the 
subject of discussion and argument (Sellen & Harper, 2003). Central to the debate is the 
question of whether the affordances of paper can ever be transferred to electronic formats 
and media. Paper’s flexibility, lightweight, low cost attributes make it an ideal medium for 
informal note taking, information storage and transfer. Furthermore, readers of paper- 
based documents get a great deal o f paralinguistic information from them (Sellen & 
Harper, 2003). For example, esthetical features, such as paper quality, layout, and 
document thickness, all provide indicators about the nature of a manuscript as well as the 
rapid initial assessment of content.
Recent advances in computing hardware, including the development of tablet PCs, 
electronic paper, and e-books, have extended the reach o f electronic devices to enable 
their usage in activities that would otherwise have required the use of paper. A prominent 
example can be seen from the growing use of tablet PCs for note taking in office 
meetings, which previously might have involved the use o f paper-based journals or 
logbooks (McAlpine et al, 2006).
1.4.2 Capitalising on electronic information media
Although information in electronic media lacks some of the desirable qualities of paper, 
there are aspects of information consumption and creation which are improved or have 
the potential to be improved using capabilities provided for by digital information 
systems4. Moreover, it is possible that preconceptions about how a reader should interact 
with documents or information that are based on a long history of paper-based document 
use are holding back possibilities for more efficient ways of interacting with electronic
4 The most obvious case in point, being the use o f keyword search functionality, a powerful search and retrieval tool used 
in Internet search engines.
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documents. For example in the document decomposition project (Darlington et al, 2005) 
some research is looking at radical ways o f structuring electronic documents using multiple 
decomposition schemes (e.g. structure, logical, etc) instead of a single decomposition 
restricted by the nature of paper-based documents (Liu et al, 2006).
1.4.3 Computer supported collaborative work
As discussed previously, the process o f building new knowledge and learning within 
organisations typically involves social or group interactions. One aspect of working with 
digital information is . that a large number o f approaches to information sharing are 
possible. The group of technologies supporting these methods are typically referred to as 
collaborative technologies.
The earliest collaborative technology to gain widespread usage and to become a 
permanent fixture in knowledge-based organisations was electronic mail. However, 
numerous problems and limitations have since become apparent and are widely reported 
(Whittaker and Sidner, 1996). Major issues include duplication o f information and misuse 
of mailing lists resulting in more incoming information than a computer user can be 
reasonably expected to deal with.
A number o f collaborative technologies have been shown to be potentially beneficial 
alternatives to email but have suffered a slower uptake. For example, the use of RSS5 
(Winer 2004) readers in combination with web-logs or “blogs” is a promising alternative 
to using email mailing lists. Using this technology, any number o f subscribers to a web-log 
can be alerted to new information being posted on the site using an RSS aggregator. The 
main advantage of such an approach is that all the information for that given topic resides 
in one location and does not need to be duplicated in a large number of emails. In 
addition, the power to disseminate new information, a beneficial aspect of emailing, is 
retained through the notifications provided by the RSS aggregator.
A similar concept, usually with a slightly different purpose is the deployment o f a ‘Wiki’ 
(Leuf et al, 2001) for developing knowledge bases, encyclopaedia or glossaries. Wikis are 
typically deployed as websites where any member can contribute to its content, although
5 RSS (Really Simple Syndication) is an example o f an information push technology which is given further consideration 
later in this chapter.
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in some cases moderators are tasked with keeping the site organised and monitored for 
omissions, errors or duplication o f information. Such an approach is particularly useful for 
developing extensive knowledge bases with high levels of adoption and endorsement since 
the members as contributors are stakeholders in its content However, it should be noted 
that an associated drawback of allowing a large number o f contributors is the likelihood of 
misuse or erroneous information being posted.
Other technological developments worthy of note in this area involve the facilitation of 
online, real-time communication -  examples include instant messaging for immediate text- 
based communication, VoIP and video streaming technologies for audio and visual 
communications (Carstensen & Schmidt 2003, Zara 2004).
1.5 Information push: automating the provision of pertinent 
information
Information push, defined in some literature as a particular type of collaborative 
technology (Ball, 1998), is the primary topic o f study of the research presented in this 
thesis. Essentially, information push relates to a paradigm of automated information 
support for knowledge workers and their activities. The principal distinguishing 
characteristic and the aspect which differentiates it from information retrieval (IR) is that the 
identification and provision of pertinent information is carried out via an automated process. 
Specifically, the goal of information push approaches is to provide timely or relevant 
information to the computer user.
Some of the primary benefits expected from information push approaches include:
•  A reduced amount of information search and retrieval time in specific or general 
tasks undertaken by the computer user.
•  A reduction in the amount o f important information that is overlooked or not 
considered because the computer user was unaware that the information existed.
In this section a brief historical overview of the development o f information push 
technologies is provided. This is followed by the introduction of a novel categorisation
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scheme based on the technologies reviewed in the academic literature and implemented in 
commercial applications; further details of the scheme are given in Chapter 3.
1.5.1 “PointCast” as an early example of push technology
PointCast, one of several dotcom companies that developed software to exploit the 
concept of information push in the late 1990s, had some success but then failed because 
of flaws in the products developed. The software, which delivered items o f news and 
stock market information customized to the users’ interests was not successful for two 
reasons. Firstly, corporate networks were unable to cope with the large increase in 
network traffic resulting from the usage o f the software. Secondly, users often felt that the 
delivery of news was a hindrance to their work complaining that the software contributed 
to problems of information overload (Wolf, 2004).
1.5.2 History of push technologies
It may be the case that the apparent failure o f push technologies in the late 1990s was due 
to the immaturity of supporting Internet technologies and the lack of control and 
customization of push services provided to computer users.
In early push-based technologies the common approach was for a user to specify their 
preferences for information in a “static” interest profile. In this approach, the interest or 
user profile, representing a user’s mid-to-long term information interests, acts like a filter 
sifting out information from an oncoming information stream. This process is often 
referred to as Information Filtering (IF). Examples of early research in this area include: 
Using Collaborative Filtering to weave an information tapestry (Goldberg et al, 1992), and 
GroupLens, an open architecture for the collaborative filtering o f netnews, (Resnick et al,
1994).
More recendy there has been an increasing amount o f research looking at ways to identify 
a computer user’s short-term information needs without the user having to pre-specify 
them. This type of dynamic profile usually represents information needs related to the 
current computer activity. This approach often overcomes a problem encountered with 
the static profile where the information pushed does not match the current computer- 
based activity (only their generic interests) and may even be a distraction. Examples o f 
research in this area include: User-centered push for timely information delivery
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(Underwood et al, 1998), and the Lumiere Project involving Bayesian user modelling for 
inferring the needs of software users (Horvitz et al, 1998).
1.5.3 Categorisation of push technologies
As stated earlier, a study was conducted by the author to identify key technologies and 
approaches in the general area o f enquiry. The study involved a review of a cross section 
o f academic research and commercial systems. The academic research projects generally 
involved the development prototypical information management solutions and the 
commercial systems generally involved information push technologies embodied in 
software products sold to users or corporations.
One objective o f the study was to identify the core group of categories of information 
push technologies in order to provide a unified view o f the state-of-the-art. A short 
description of each category of technology is given below for the purpose of providing a 
general introduction to the reader. All categories correspond to well-established 
terminology in the literature, with the exception o f “context sensitive push”, a new term 
designated by the author for convenience since no generic term for this subset of 
approaches was apparent from the review.
R ecom m ender system s. In its most common formulation, a recommender system 
estimates ratings for the items that have not been seen by a user (Resnik, et al 1994; 
Shardanand et al, 1995; Hill et al 1995). Recommender systems typically rely on content 
filtering, collaborative filtering or a hybrid approach employing both.
C ontent (or cognitive) F iltering: Content-based approaches select the right
information for the right people by comparing representations of content contained in the 
documents to representations of content that the user is interest in (Hedocker et al, 2002). 
Typically this involves the use o f a "filter”, in the form of a text-based query, which is 
designed to select documents o f interest to the user or group. A subset o f documents is 
forwarded to the user(s) depending on the selection or rejection of documents using the 
filter query.
C ollaborative F iltering: Collaborative filtering works by comparing document or item 
interest profiles. Typically, the user interest evaluations o f documents are evaluated to
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identify users with similar preferences. The likelihood of a document being of interest to 
the user can then be calculated using the existing ratings of other users. This approach is 
based on the heuristic that people who agreed in the past will probably agree again (Resnik 
et al, 1994).
W ebcasting or netcasting: Webcasting describes a technology where a user downloads a 
CDF (Channel Definition Format) file from a website which describes a ‘channel’ 
providing details for the automatic updating and downloading o f information from that 
website6.
C ontent Syndication: Content syndication involves the use of an aggregator which 
checks a number of customisable, predefined channels (see WebCasting). The aggregator 
presents new or updated information from various sources and is accessible from one 
browsing location. The most prominent content syndication technology at present is RSS 
2.0 .
A lerts. Alerter systems provide an umbrella term for a wide range o f technologies that 
generally work on the same relatively simple principle. Typically, alerts result in 
information items being delivered in the form of emails, instant messages or SMS 
messages on mobile devices. An alert is initiated when a condition, such as a new 
publication o f an electronic journal issue, is a trigger for a notification to be delivered to 
the user through some form of message protocol. Alerts are commonly used to send news 
messages or reminders.
C ontext sen sitive p u sh : Context sensitive push refers to approaches where relevant 
information is provided in response to some aspect o f a computer user’s current state. The 
goal of such systems is to provide information in support of the task or function being 
performed by the user. A key difference from the previous categories is that the approach 
is not concerned with personalisation, i.e. information suited to a user’s preferences or 
general interests. Instead, information provision is based on a task centred evaluation of 
information needs. Most approaches in this category involve some form of implicit 
evaluation of the current task. A typical approach taken is to use event data relating to
6 The term webcasting was coined by early pioneering companies utilising the technology including Audionet, Xing 
Technologies, ITV.net, and InterVox Communications
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interactions that can be captured in the background of a user’s working environment in 
order to evaluate current intentions, focus, or documents of interest
1.6 Issues affecting the future development of push technologies
It was noted in section 1.4.2 that a primary expected benefit of information push is a 
reduction in the amount of search and retrieval time during a user’s computing tasks. 
Although this may be true in certain situations there are several other factors to consider 
that may have a negative impact on the user’s experience with such systems. In this section 
some possible user related issues are introduced.
1.6.1 Information overload
The problem of overload or information fatigue syndrome (Oppenheim, 1997) is referred 
to in a number of contexts. For example, it can mean having more relevant information 
than can be assimilated or it can also mean being burdened with a large supply of 
unsolicited information, some of which may be relevant (Butcher 1998).
In a comprehensive review of literature in this area, Edmonds and Morris (2000) note the 
increasing problem of information overload:
‘The literature reveals that although the problem of information overload has existedfor 
many years, in recent years the problem has become more widely recognised and 
experienced. Both perceptions and the actual effects of information overload have been 
exacerbated by the rapid advances made in information and communication technology. ”
In the context o f this work, information push technologies are seen by some to be 
contributing factors to this problem. For example, Cerami (1998) states, “the 
disadvantages of push may be user unwillingness to have information pushed to them. 
Many users ... view push as an annoying nuisance that provides little o f value. Push 
suddenly then becomes shove.”
On consideration of these issues it is likely that push approaches may, in some cases, be a 
hindrance to productivity and should never be assumed to be of benefit in a given
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situation. Consequently, issues relating to user disruption and information relevance 
should be given consideration in the development of information push approaches.
1.6.2 Displacement of serendipity
A further issue relates to the possible negative impact o f a reduced amount of search 
activity. Working in such an environment may reduce scope for a computer user in finding 
useful information by chance. Put another way, it may be seen to obstruct the human 
ability to be creative in finding new relevance in information discovered by chance, in 
order satisfy their information needs. Shenk (1997) also makes this point in a discussion of 
push technologies noting that they, “may lead us to narrower worlds”. The same point is 
also made in the context of information exchange in engineering design (Boston et al,
1997). This aspect illustrates that it may not be appropriate to view information push 
technology as a replacement for conventional information retrieval (pull). Furthermore, an 
approach where push and pull are used as complementary methods for satisfying 
information needs may be the optimal combination.
1.7 Modelling information push
From the initial literature review and study, a novel model describing the aspects of 
information push systems was created by the author. This model (Figure 1-1), referred to 
from this point forward as the Information Push Paradigm Model (IPM), is used as a 
central frame of reference throughout the research. It is introduced here to help the reader 
visualise concepts and support discussion later in the thesis.
There are 3 main components of the model:
•  The Profile or representation of information needs is required in order for an 
assessment to be made about which information is relevant to a user’s information 
needs.
•  T he Content comprising o f a static information set (e.g. document repository) 
and/or a dynamic information stream (e.g. stream of news bulletins) from which 
to deliver information from. Where the profile represents a user’s long-term 
interests the emphasis is typically on delivering new or changing information from a 
dynamic information stream. Where short-term interests are represented, the
1-18
I n t r o d u c t i o n
emphasis is typically on delivering information from either a dynamic information 
stream or static information set.
•  M atching content against a profile is the third component of the model. Specifically, 
this relates to the mechanism that evaluates whether the information should be 
rejected or selected for delivery to the user. In some information push systems this 
is referred to as an information filter.
Each feature is discussed in more depth in the following sections.
1.7.1 The information need profile
Information users typically have short-term information requirements relating to their 
current task or activity and long term information requirements usually identified by their 
interests or specialisms.
In order for an information push system to meet short-term requirements, the 
representation o f information needs has to reflect the current activity or task. For this 
reason the term ‘activity profile’ is used to represent short-term requirements. An activity 
profile is usually generated from hints gathered from the user interface about the current 
activity, for example, a recently typed search term.
Long-term information needs are represented by a ‘user profile’ which is created from a 
set of statements or rules defining the user’s interests. For example, user profiles are often 
created as part of Internet customer shopping accounts. The Amazon7 online bookstore 
builds user profiles based on the ratings users give to books they have read and a record o f 
their purchases.
1.7.2 The content to be delivered
Depending on the type o f profiling being used a dynamic information stream or a static 
information set is required to provide the content to be delivered.
A short-term interest or activity profile is typically more suitable for extracting content 
from a static set of information. This combination is best able to locate information that a
7 Amazon online bookstore, http://www.amazon.com [Accessed 8/2006].
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user may or may not be aware exists but relates to the task at hand usually through some 
historical link or association.
A long-term interest or user profile is typically more suitable for extracting content from 
an information stream as this combination is best able to filter and deliver information 
that becomes newly available.
1.7.3 Matching relevant contentfrom an information need profile
The mechanism that is used to associate an information need profile with a given item of 
content is the aspect which really defines the working operation of an information push 
approach. A simple information push approach may involve traditional information 
retrieval approaches such as string matching or an extension of string matching such as 
vector-space modelling (Salton and Lesk, 1968). Other methods that may be used to 
match profiles with information may involve probabilistic Bayesian inference approaches 
(e.g. Broglio et al, 1995) or Latent Semantic Indexing (Deerwester et al, 1990). The basic 
principle of all approaches is to select or reject information to be delivered based on the 
closeness of match with the profile.
1.7.4 Reference model
A schematic representation combining the key components discussed previously is shown 
in Figure 1-1. Essentially, it shows that there are typically two modes of information push. 
In the upper half of the schematic a change in the user’s information needs provides the 







Figure 1-1: Schematic of the Information Push Paradigm 
Model (IPM)
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user. In the lower half, a change in the information available (i.e. new information 
becomes available) provides the dynamic or state change that is the trigger for the new 
item of information to be delivered.
1.8 Research methodology
Design research is diverse and varied field and consequently it is particularly important 
that a coherent and structured approach to research projects is adopted to ensure that the 
findings and results are accessible and of use to others in the field. Furthermore, the 
approach towards design research must be scientific in order for the results to have 
validity in some generic, practical sense (Blessing, 2002).
Much effort has been made in recent years by design researchers to provide 
methodologies to ensure that: (1) the goals and objectives o f the research are appropriately 
defined within a broader research framework; and (11) scientific approaches and methods 
are used. A discussion of the general methodology adopted in this research, particularly in 
respect o f the considerations above, is presented in sections 1.8.1 and 1.8.2.
1.8.1 Grounding andplacement of the research
The grounding and placement research is of particular relevance in the field o f design, to 
ensure that the immediate objectives do not become detached from the overall 
motivations for conducting research. Generally, design research is concerned with 
supporting design activity and practice by improving the understanding of the engineering 
design process and, based on this, developing knowledge in the form of guidelines, 
methods and tools that can improve the chances of producing a successful product 
(Blessing 2002). However, without regular interaction, observation and validation in 
industrial settings the pursuits within academic design research may easily become isolated 
and have little practical value to the industry-based stakeholders.
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The Design Research Methodology (DRM) developed by Blessing (2002) was loosely 
followed to aid in the grounding and placement of this research. Figure 1-2 shows the 
framework of the methodology.
The first phase (Criteria Formulation) of the methodology is concerned with identifying 
the aims that the research is expected to fulfil and the general focus of the research 
project. In particular, the objective of this phase is to be able fully identify “Success 
Criteria”, the overall or high level goals of the research which help define an orientation 
and direction for the research project.
The second phase (Descriptive Study I) is concerned with identifying the “Measurable 
Criteria”, the lower level criteria against which the research can be objectively assessed and 
the aspects which have an influence on the goals or success criteria. In particular, the 
descriptive study may involve conducting surveys or studies direcdy or studying relevant 
literature to identify and explore the ‘what’, ‘how’ and ‘why’ questions associated with the 
problem domain.
The third phase (Prescriptive Study) is concerned with developing tools or methods to 
realise the desirable situation or outcome required for the research to be successful. This 
phase may involve the construction of a demonstrator or prototype which may be used to 
evaluate or assess the methods developed.
Criteria Formulation
O bservations & 
Analysis




A ssum ptions and  
E xperience







Figure 1-2: The design research methodology loosely followed 
during the course o f this research (Blessing 2002).
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Figure 1-3: Mapping of research tasks against the DRM (Blessing 
2002)
The fourth phase (Descriptive Study II) is concerned with a formal evaluation of the tools 
or methods developed from the Prescriptive Study to evaluate whether they achieve the
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expected affect and, in particular, their overall impact on the measurable criteria originally 
defined8.
Figure 1-3 shows a mapping o f the ‘project elements’ or tasks undertaken during the 
course of this research project against the DRM discussed previously. In particular, the 
schematic illustrates the chronological order of project elements, the nature of the tasks 
involved in each element, the links between supporting elements and also the key research 
contributions resulting from the work. All of the elements specified are discussed or 
reviewed at various points throughout the thesis— an overview of the contents of each 
chapter and a summary of the key contributions is provided in section 1.10.
1.8.2 Approach towards empirical studies
Ensuring that scientific methods and approaches are adopted is also a particularly 
important aspect in research involving empirical studies or observations from which 
results or findings are drawn— a characteristic prevalent in much of the descriptive 
elements o f design research. A significant problem faced by design researchers is that the 
observations o f the design process and activities within it that are required for new 
understanding usually involve some level of interference - which has the possibility of 
detracting from validity o f the findings. There exists a trade-off whereby a greater amount 
of data or information is only extractable with a greater amount of interference.
A number o f techniques for making observations and collecting data in design settings 
have been developed and used with varying degrees of success. Some popular approaches 
developed include, Protocol Analysis (Austin & Delaney 1998) where the designer is 
requested to think aloud whilst undertaking their activities, and Action Research (Reason 
& Bradbury 2001) involving some participatory element when researchers take part in the 
activities under investigation to understand the conditions and effects of various forms of 
social action and ‘post hoc’ analysis approaches, where data collected from visual, verbal 
or other observations of design activities are analyzed after the experiment has concluded
8 Note that Blessing (2002) states that it is not expected that each stage o f the methodology will be executed in depth in 
every research project as most projects are subject to financial and time constraints which prevent this. For example 
new projects may build on existing research and may be primarily concerned with developing prescriptive solutions. In 
contrast, other projects may be solely concerned with describing a new field or phenomenon which had not previously 
been given significant attention in the literature.
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to identify characteristics or patterns that were not specified a priori. More exhaustive and 
complete lists of approaches to empirical research are provided by Huet (2006).
In this research, due to the nature and objectives of the empirical research element of the 
work, a special approach is adopted similar in some ways to aspects of the Protocol 
Analysis and the “post hoc” analysis approaches described above. Greater details o f this 
approach and considerations for ensuring a controlled methodological procedure is 
followed are presented in Chapters 7-9.
1.9 Aims & objectives
The main aim of this work is to investigate ways in which information can be delivered or 
pushed to engineering designers interacting with computers to help them carry out their work 
more efficiently. Two significant research questions present themselves on consideration 
of this objective:
• What technologies exist or could be developed to enable information push 
approaches in design settings to be implemented?
• What sort of information can be usefully delivered to a designer and what needs to 
be deduced about a designer’s activity in order to do this?
These questions which were defined in the early stages o f the research are revisited in the 
conclusions chapter.
1.10 Thesis structure and summary of primary contributions
This thesis is structured in three parts— an outline of the structure is shown in Figure 1-4. 
The first part forms the basis of a literature review comprising all the relevant academic 
literature related to information push technology. Additionally, a study and comparison of 
information push systems developed in academia and commerce is presented. The 
literature review and studies serve as the general foundation for parts two and three. The 
first primary contribution in this section is the Information Push Paradigm Model (IPM) 
which describes the primary modes o f information push as described previously in section 
1.7.
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PART II: Information Push in 
Engineering Design
PART III: Empirical stud ies on the 
potential applications of activity 
profiles
The development of design information push 
strategies under the consideration of relevant 
issues in engineering design practice. The 
primary contribution is the Activity Profiling 
Methodology (APM) for task-centred 
information support in design.
Empirical research involving a number of 
analyses of data captured during working 
sessions on computer. The primary 
contribution is the Bayesian Evaluation of 




An approach for the Bayesian evaluation 
of context indicators
Chapter 7
Cl FLEX II: A software prototype for the 
capture and exchange of contextual info.
Chapter 5
Push-based strategies in design 
information management
Chapter 4
Managing electronic information in design 
engineering
Chapter 9
Evaluation of the BCI approach
Chapter 6
An activity profiling methodology 
supporting push
Chapter 1
An introduction to 
Information Push
Chapter 2
A review of key research 
and technologies
Chapter 3
A study of systems in 
commerce and academia
A unified overview of theory and technologies geared towards automated information support for 
computer users. This includes the critique of literature in IR, Al, HCI and other domains into a 
unique depiction of the field of study. The primary contribution is the Information Push Paradigm
Model (IPM).
PART I: Toward autonom ous information support in knowledge-based
organisations
Figure 1 -4: Outline o f thesis structure
At the start of part two in Chapter 4, the pressing issues in engineering design practice 
which have particular relevance to this research are investigated further. In Chapter 5, a 
number o f possible information push approaches developed by the author are presented 
with specific applications in design engineering in mind. This chapter highlights a number 
o f different avenues for further research. In Chapter 6, one particular strategy is developed 
further, with particular considerations given to the lifecycle o f design information. This 
work forms the second primary contribution referred to as the Activity Profiling 
Methodology (APM). In summary, the APM defines a framework for capturing and
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reusing data from computer-based design activities which enable a ‘task-centred’ approach 
to information push.
Part three describes the results o f several empirical research studies carried out with the 
general purpose of evaluating the strategies and approaches developed in previous 
chapters. More specifically, the Chapters 7, 8 and 9 present details associated with the 
prototype development, testing and evaluation required for a partial implementation of the 
APM. The aspect under assessment involves a Bayesian classifier for the evaluation 
document links and dependencies based on the actual information used within tasks. The 
Bayesian Evaluation of Context Indicators (BCI) approach forms the third primary 
contribution in this thesis.
Finally, some overall conclusions and reflections relating to the primary research questions 
are made in the final chapter.
1.11 Placing the research into an industrial context
The impetus for this work arose from information management needs and issues 
identified at Airbus9, the passenger aircraft manufacturer. Specifically, at the start of this 
project, the Knowledge Management Group had conducted research studies to:
•  Gain understanding and develop methods for how people judge trust in 
information;
•  Enable engineers to make better use of personal notes, for example, those 
recorded in log books;
•  Investigate automation and information push based strategies to improve 
knowledge management.
The main contribution of this academic relates to the investigation into the third strand of 
this initiative. As outlined later in the thesis, much of the empirical research carried out for 
this work was undertaken at Airbus UK.
9 Airbus, http://www.airbus.com [Accessed 10/2006].
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Chapter 2
A REVIEW OF KEY RESEARCH AREAS 
AND TECHNOLOGIES
In this chapter a review of the key areas of related research is presented. The 
review has been constructed with two considerations in mind. Firstly it is 
intended to provide the reader with a unified view of the technologies 
involved. The aim has been to present each aspect from a common 
standpoint highlighting the links with information push. This is particularly 
important as the research is varied and spans a number o f fields including 
information retrieval, human computer interaction and artificial intelligence. 
Secondly, a special emphasis is placed on the aspects o f research which are 
related to some of the ideas developed later in the thesis— particularly 
collaborative filtering and aspects related to task-centred information push.
The review is concluded with a discussion of how the various areas might 
provide a complete ‘push-enabled’ working environment for a user of 
electronic information, combining the benefits of the technologies reviewed.
2.1 Recommender systems
In Chapter 1, a rather broad range of technologies were presented and categorised as 
information push since they satisfied the working definition specified in the introduction. 
In the academic literature, the category given by far the most coverage is ‘Recommender 
Systems’. As such, it is worth noting exactly how recommender systems work in relation 
to information push.
2.1.1 Information push and recommender systems
In its most common formulation, the recommendation problem is reduced to the problem 
of estimating ratings for the items that have not been seen by a user (Resnik et al 1994; 
Shardanand et al 1995; Hill et al 1995). As the field is relatively new, there is some
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variation in opinion but this generally involves an aspect of personalization using methods 
that are able to identify a subset of information that are relevant to a particular user.
As personalization is often a part of information push strategies, they are closely related 
concepts. However, a broader spectrum of technologies can be included by placing the 
emphasis on the topic o f push. For example, RSS technology, a number o f context 
sensitive approaches and a study of agent technology - which are aspects considered in this 
work - are not typically considered to be associated with recommender systems’ research 
but can be considered within the broader context of information push research.
2.1.2 Types of recommender system
In the current literature, recommender systems (Resnick & Varian, 1997) provide an all- 
encompassing term for several information filtering approaches. Information filtering, 
hich was an earlier concept to emerge, originated from a branch of information retrieval 
(IR) research. Essentially, while IR returns relevant information in response to short term 
information seeking goals via requests such as queries, information filtering involves 
removing persistent and irrelevant information over a long period o f time (Belkin & Croft, 
1992). Malone et al (1987) identified three possible attributes of information that can be 
used for the purpose of filtering. Based on these attributes they suggested the following 
broad categories:
•  Cognitive or Content filtering: This is the selection or rejection o f information 
based on content For example a filter might select all the information that 
contains a specific text string.
• Social or Collaborative filtering: This is based on the relationships between 
people and their subjective judgements about information. A filter selecting all 
articles authored by a specified person is an example o f social filtering. Where 
other people’s judgments about information are used in the filtering process the 
term collaborative filtering is preferred by the research community.
•  Econom ic filtering: This is based on the costs o f producing and the benefits of 
reading information. The underlying rationale is that the costs involved in 
producing information are directly proportional to the value of the information.
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O f the above categories, content and collaborative filtering are the dominant areas of 
research. Collaborative filtering is particularly relevant to some of the ideas developed later 
in the thesis and so is given special attention in the next section.
2.2 Collaborative Filtering
Collaborative filtering has been extensively researched in academia and successfully 
implemented in commercial applications for recommending web pages (Joachims et al 
1997, Lieberman et al 1995), news items (Konstan et al 1997) and music (Shardanand et al 
1995) to name a few. Perhaps the one of the most successful commercial applications of 
collaborative filtering is Amazon’s book recommendations, which are based on the buying 
and rating preferences of users who appear to have similar interests.
In section 2.2.1 some early examples of collaborative filtering (CF) systems are discussed. 
This is followed by an overview of the algorithms currently used to implement CF systems 
in 2.2.2. Finally, in 2.2.3, research into a special type of task-focused or “contextual” 
collaborative filtering is reviewed.
2.2.1 Early examples of collaborative filtering systems
The Tapestry system (Goldberg et al 1992) is cited as was one of the earliest 
implementations of collaborative filtering. This system, which was developed for the 
purpose of electronic mail filtering, required that each user specify like-minded users 
manually. Grouplens (Konstan et al 1997, Resnik et al 1994), and Ringo (Shardanand et al
1995) were among the first systems to use CF to automate this prediction.
The T apestry system was primarily designed to help control email overload in corporate 
environments. They defined collaborative filtering as a mechanism where people 
collaborate to help one another perform filtering by recording their reactions to 
documents they read. Essentially, the system was designed to control the flow of 
documents and messages in the public domain. The designers anticipated that there would 
be eager readers who would make annotations describing the value of an information 
item. The annotations could then be used in filter queries, executed by the more casual 
readers, who would rely on the judgement of others (i.e. friends or colleagues) to decide 
which items would end up in their mailbox. Although the system never gained real 
popularity in practice, perhaps because of the additional burden on users annotating
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documents, the research prompted further developments involving the same collaborative 
element
G roupLens, an ongoing research project beginning in the early nineties, started out in 
similar spirit to Tapestry but with the aim of extending and enhancing the use of 
collaborative filtering. An architectural difference of GroupLens was that it was focussed 
on the filtering of news items across multiple geographically distributed news servers 
whereas Tapestry was designed to share user evaluations within a single site.
However, a more important conceptual difference was introduced. In the design o f the 
Tapestry system it was anticipated that the writer of a filter query would have to use the 
evaluations or ratings of people known to have similar interests. This was not necessary 
with the GroupLens architecture as it drew on the deceptively simple premise that people 
who agreed in their subjective evaluation of past articles are likely to agree again in the 
future. Put another way, people with similar interests could be identified by correlating the 
user’s history of article ratings with the rating histories o f others. The filtering process then 
places greater bias on the ratings o f users with similar rating histories.
B in g o sharing a similar approach to GroupLens and Tapestry, was a system developed 
for making personalized recommendations for music albums and artists to a user, based 
on similarities between the interest profile of that user and those o f other users. It was 
intended that the database of users and artists grow dynamically as more people use the 
system and enter more information
2.2.2 Collaborative Filtering Algorithms
Breese et al (1998) made a distinction between the two types of algorithm in use, memory- 
based and model-based. The fundamental task in both cases is to predict the value or 
rating of an item to a particular user from a database o f user ratings which is based on a 
sample or population of other users.
M em ory-B ased: In this class of algorithm, the predicted rating for an item is based on 
the average of weighted ratings of all other users who have rated the item. The weight of 
each of the other users’ votes is dependent on some similarity measure. This usually 
involves finding correlations in the ratings o f previous items. A number of similarity
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metrics have been tested for this purpose including the Pearson correlation coefficient and 
vector similarity. This is often used in the information retrieval domain.
M odel-B ased: This class of algorithms usually employs either Bayesian clustering or 
Bayesian network models. In the Bayesian cluster model, like-minded users, rating items in 
the same way, are grouped together. Predictions are then made on the premise that users 
in the same group will have the same judgments about new items. In the Bayesian network 
model, a training set is used where the nodes represent items and the structure defines the 
dependencies between items. The states of each node correspond to the possible rating 
values of each item. When a new item is rated it is it allocated a set of parents from the 
training set which are best predictors for its rating.
The advantages of memory-based algorithms are the simplicity and intuitiveness of the 
approach. They also tend to cope much better with more dynamic datasets. However, 
model-based algorithms cope better with large datasets as only the model is required to 
make a rating prediction, i.e. memory of the history o f user-item ratings is not required.
2.2.3 Task-focused collaborative filtering
In traditional systems, collaborative filtering makes recommendations purely based on the 
user interests and preferences with no consideration of contextual aspects such as the 
computing task currendy being undertaken. In order to account for this, systems that can 
interpret these contextual factors may be more successful in providing relevant 
recommendations.
Herlocker and Konstan (2001) have investigated such a “task-focused” approach. They 
suggest that a weakness in some traditional CF-based recommender systems is that they 
are based solely on historical ratings data and that these approaches assume that a user’s 
interest is independent of the task at hand. In their approach they utilise existing 
recommender system technology to develop a system which requires a manually input task 
specification to provide the task-focused recommendations. The task specification 
indicates what kind of task the user has in mind and consists o f a list o f example items 
which is referred to as a task profile. Associated items are identified using a conventional 
user-item ratings matrix where the correlation between items is computed.
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A limitation of the system developed is that the contextual factors are manual inputs to the 
system which require the user’s time and attention. Automating the identification of these 
aspects in some way would reduce this inconvenience; however, this may also reduce the 
accuracy of the task specification.
2.3 Implicit Indicators
A proportion of research has been carried out investigating the use o f “implicit indicators” 
(Claypool et al, 2001) to aid in the inference o f a computer user’s current objectives. A 
typical approach taken is to use event data relating to interactions that can be captured in 
the background of a user’s working environment to form the basis o f implicit evidence for 
some aspect of their current state; for example, their current intentions, focus or interest in 
a document. Implicit indicators are important in information push approaches as they can 
be used to form a profile o f the user’s information need which can then be used to 
identify relevant information.
2.3.1 Sources of implicit evidence
Various indicators have been evaluated for their usefulness in the detection of contextual 
features associated with user behaviour and motivations including document viewing time, 
scrolling activity and webpage bookmarks (Hill et al 1992, Morita & Shinoda 1996, 
Lieberman 1995, Seo & Zhang 2000). Oard and Kim (1998) identify a useful 
categorisation of implicit evidence which covers three general areas of observable 
behavior. The first two categories of information ‘examination’ (e.g. viewing time) and 
information ‘retention’ (e.g. bookmarking) refer to behaviours which indicate a user’s 
interest or preference for information. The third category of ‘reference’ relates to activities 
which indicate some form of link between two objects (e.g. a citation). Later in this work, 
a variety of temporal indicators which principally relate to the ‘examination’ and ‘reference’ 
categories are used to identify document interest and relationships. These are discussed in 
more detail in subsequent chapters.
2.3.2 Viewing time as implicit evidence
Viewing time is worthy of further discussion as it is used in this research and has been 
given significant attention in the literature. In particular, studies on this attribute have 
highlighted considerable variations in its effectiveness. In studies carried out by Morita &
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Shinoda (1996) and Konstan et al (1997) viewing time was shown to be reasonably 
successful in the identification of interesting or useful news items. However, further 
studies by Kelly and Belkin (2001, 2004) showed that the time a user spends viewing a 
document was not significantly related to the user’s subsequent relevance judgment The 
authors o f the latter studies report that issues such as topic familiarity and task type 
confound the relationship between display time and relevance in complex ways. 
Furthermore, they suggest that the way that display time is determined is likely to strongly 
influence its utility and that simple easily-collected ‘proxy-side’ data may well give 
misleading results. In an alternative approach, to be investigated later in this research, 
viewing time is collected ‘client-side’ along with other evidence for a more complete 
specification of user actions.
2.3.3 Task Switching
A further possible function of implicit indicators is for the identification of a change in the 
computer user’s current focus or interest. The identification o f this behaviour is important 
in a number of information push approaches that monitor the computer user’s activities to 
identify current information needs.
For example, in order to identify documents in use that are serving a common goal or 
purpose, a mechanism is required that can distinguish which documents are used in a 
particular task; of which there may be several being carried out concurrendy in a working 
session. This behaviour of moving from one aspect o f focus to another during computer 
use is usually referred to as task switching in the literature (Czerwinski et al 2004).
One strategy for gathering task switching data may be to develop an approach that does 
require the explicit selection of a current task but in a way that does not greatly impinge on 
the user’s tasks. One notable example o f a user interface design feature accommodating 
task switching, developed as a result of a study by Smith et al (2003), is the GroupBar. 
Their prototype has been designed to add convenience for the user by responding to their 
explicit selection of task. In particular, the system responds to a user’s task switch by 
organizing and bringing into focus all the windows or documents that are currently being 
used for that task.
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Overall, the implicit capture o f task switching is not covered in the literature to a great 
extent, although it may possibly be a worthwhile area for further research - particularly for 
the development of artificial intelligence technologies that provide support to the 
computer user.
2.4 Relevance feedback and query augmentation
Relevance feedback approaches are grounded in information retrieval research. Although 
they do not relate to a specific type o f information push approach they are worthy of note 
since they demonstrate (in some cases) the use o f contextual indicators in search activity to 
improve the retrieval power of search systems.
Approaches involving the use of implicit indicators are o f particular interest In ‘implicit 
relevance feedback* approaches the initial objective is to identify user interest in a 
particular document or topic. White et al (2006) adopt an approach utilising data relating 
to a searcher’s selection o f one information object over others within the search space to 
accumulate evidence for relevant information in the result set. Once sample material of 
apparent interest has been identified during a search it is then possible to use content 
similarity, e.g. vector space model (Salton et al 1975) or latent semantic indexing 
(Deerwester et al, 1990), to refine the result set to include more closely related content.
In the relevance feedback approach above, the intention has been to assist in refining the 
context of a search by extending the original query utilising the feedback gained from 
implicit ratings. In information push approaches, rather than serving as a mechanism for 
refining the search query, such a technique could possibly be used to identify and annotate 
where contextual relationships exist between documents in an information retrieval system 
in order that they can be stored for improving the effectiveness of future information 
retrieval scenarios.
2.5 l in k  analysis and related clustering approaches
Information push approaches that are able to respond to contextual aspects, such as the 
document currently of interest, in order to identify other related documents, must rely on 
techniques that can identify relationships or dependencies between separate items of 
information. Techniques and methods which enable this functionality are given special 
attention in this section.
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2.5.1 Link analysis
Link analysis used in web information retrieval provides a useful technique for identifying 
relationships between information in web pages. A primary contribution in this area was 
made by Brin & Page’s10 (1998) PageRank algorithm. PageRank, provides for an extended, 
web-based application of citation analysis originally developed by Geller (1978), where 
citations or ‘backlinks’ to a web page are used to give an approximation of its importance 
or quality. Kleinberg (1999) furthered research into the structure o f hyperlinks with the 
development of die HITS algorithm. In this research, an algorithmic formulation of the 
notion of authority is evaluated based on the relationship between a set o f relevant 
authoritative pages and the set of ‘hub pages’ that join them together in the link structure.
In addition to establishing the authority or prominence o f information, link analysis 
approaches have also been developed for the purpose of identifying similar pages (Jeh et al 
2002) or pages biased to a specific topic (Haveliwala et al 2002).
The links in the cited examples above are in the form of explicitly defined evidence, which 
is typically embodied in hyperlinks. In contrast, it may be possible to investigate the use o f 
implicit evidence of links based on how the user interacts with electronic information.
2.5.2 Other approaches
In a number o f related clustering approaches records o f user transactions with Internet 
search engines are used to identify o f clusters of queries and URLs. In Beeferman & 
Berger’s (2000) agglomerative clustering approach, records that consist of a user’s search 
query and the subsequent URL selected are processed to identify clusters. Essentially, the 
algorithm is used to identify; Q different search queries that lead to the same information 
being accessed; and (ii), the same search queries that result in different information being 
accessed. Wen, Nie and Zhang (2001) have also carried out similar research but in addition 
combine document and query contents to determine similarity.
2.6 Probabilistic and learning algorithms
Probabilistic inference and learning algorithms have applications in a wide-range of 
contexts from medical diagnosis to weather forecasting. In the context o f this work, there
10 First used in the Google search engine.
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are some aspects o f information push which have an associated degree o f uncertainty and 
consequendy may benefit from probabilistic reasoning approaches. In particular, 
examples include:
• The evaluation of text based documents for the identification o f similar or relevant 
information.
• The evaluation of user behaviour for the identification of information preferences, 
aims or objectives in computing tasks.
The former primarily relates to the intensively researched topic of text classification (TQ. 
Popular TC methods that have been evaluated include naive Bayesian classification (Lewis
1998), decision trees (Dumais et al 1998), example based approaches such as k-NN (Yang,
1999), neural networks and support vector machines (SVM) (Joachims 1998) to name a 
few. Sebastiani (2002) provides a review o f these and other studies. The main findings 
show that SVM and example-based approaches are particularly strong in this domain. 
Batch linear and naive Bayesian approaches appear to be weaker approaches and classifiers 
with no learning component seem to perform worst of all.
The latter typically relates to the evaluation o f implicit indicators discussed in 2.3. A 
notable study in this area was conducted by Horvitz et al (1998) who investigated using 
event data relating to menu selections and dialogue usage for modelling users’ needs and 
goals in software applications. This work involved the evaluation of patterns in event data 
using Bayesian networks to ascertain where the user might be struggling to achieve some 
aspect o f software functionality in order that related support information could be 
automatically provided.
Later in this work, a naive Bayesian classification is adopted for evaluating aspects o f user 
behaviour. The beneficial aspects of this approach include its simplicity to implement and 
that there is no requirement for the specification or learning o f dependencies between 
attributes as there typically are when using a Bayesian networking approach.
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2.7 Agent-Based Systems
A proportion of research being carried out on agent-based systems is looking at how the 
technology can be used for autonomous retrieval (AR). Autonomous retrieval refers to a 
paradigm where information is retrieved automatically on behalf o f the user and is typically 
referred to in the context of artificial intelligence systems or agent-based systems (Hewitt 
& Inman 1991). Autonomous retrieval is most closely associated with a ‘context-sensitive’ 
approach to information push in the classification scheme presented in Chapter 1. There 
are two principal areas where agent-based systems are potentially useful in this area. Firstly, 
the use of “interface agents” for detecting the information needs o f computer users by 
monitoring actions at the human computer interface and, secondly, the use of multi-agent 
systems for the exploitation of distributed information sources.
In the first part of this section the reader is introduced to research in agent-based systems 
in some depth. It is hoped that the literature discussed will provide the necessary 
understanding for the discussion that follows regarding the applications of agent-based 
systems for autonomous retrieval.
2.7.1 Definition of a software agent
In its simplest form, an agent can be thought o f as a software entity that can interact with 
its environment independently without interference from anything else, human 
instruction or other. However, in the discussion that follows it can be seen that there is no 
universally accepted definition of what a software agent is. One reason for this may be that 
the applications for agents or agent systems are so broad that no common set of 
characteristics or defining attributes can be identified for the differing roles that are being 
carried o u t Here, the definitions made by various researchers are explored.
One notable observation that can be made is the variance in the specificity of the 
definitions of software agents that have been formulated to date. Hayes-Roth et al (1995) 
have a highly specific definition with exacting requirements on the agent’s abilities:
u.Intelligent agents continuously perform three functions: perception of dynamic conditions 
in the environment; actions to affect conditions in the environment; reasoning to interpret 
perceptions, solve problems, draw inferences, and determine actions ”
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This is in contrast to the definition given by Russell and Norvig (2003) who specify two- 
way interaction with the environment as the only criteria.
"An agent is anything that can be viewed as perceiving its environment through sensors 
and acting upon that environment through actuators. ”
Maes (1995) has a similar but slighdy more stringent definition that requires that 
complexity and dynamism are characteristics of the environment and that predefined goals 
are included in the agent’s design.
"Autonomous agents are computational systems that inhabit some complex, dynamic 
environment, sense and act autonomously in this environment, and by doing so realise a 





























































































Foner (1993) ✓ ✓ ✓ ✓
Etzioni and Weld (1995) <✓ ✓ ✓ y / y / *
Maes (1995) ✓ ✓ ✓ y /
Shoham (1993) ✓ * * ✓ ✓
Hayes-Roth et al (1995) <✓ ✓ ✓ *
Wooldridge and Jennings (1995) >✓ ✓ ✓ ✓
Smith et al (1994) ✓ y /
Brustoloni (1991) ✓ ✓
Coen (1994) ✓ </ *
Gibert et al (1996) ✓ y /
Russell and Norvig (2003) * /
Virdhagriswaran (1996) *
Totals 9 9 8 5 4 4 3 2 2 1 2 1
Table 2-1: A matrix comparing authors’ inclusion o f elements 
in the definition o f a software agent
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Woodridge and Jennings (1995) prefer to characterise an agent by specifying several 
properties rather than by stating how it interacts with its environment Note that social 
ability11, which is not cited in the definitions previously, is introduced as a required 
property:
'The term agent is used to denote a hardware and I  or sofiware-based computer system 
that enjoys the following properties: autonomy, social ability, reactivity and pro­
activeness. ”
Table 2-1 presents an overview of the elements used in different definitions and a 
comparison of the characteristics identified by different authors. In most cases exact 
matches could be made between the terminology specified in the definition and in the 
table. However, in some instances elements had to be deduced where slighdy different 
terminology had been used. For example, in the case o f Coen’s (1994) definition 
‘communication’ was specified but not ‘sensing’ and ‘reacting to the environment’. As 
sensing and reacting to external stimuli can be thought o f as a pre-requisite to 
communication this was inferred from the definition.
It can be seen from Table 2-1 that that there is no real consistency in the definitions given 
and that it is not easy to pick out core attributes common to all definitions. It can also be 
observed that the term “agent”, “intelligent agent” and “autonomous agent” are used 
interchangeably amongst researchers to some extent
2.7.2 Intelligent agents and their environments
There has been much controversy over what it is to be intelligent and whether intelligence 
can ever be achieved in computer systems. The answer to this question ultimately lies in a 
person’s interpretation o f what intelligence is and the context in which the term is being 
used. Wooldridge and Jennings (1995) suggest three capabilities that intelligent agents 
should have:
11 Soda] ability referred to in further detail in 2.7.2.
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• R eactivity: Intelligent agents are able to perceive their environment and respond 
in a timely fashion to changes that occur in it in order to satisfy their design 
objectives.
•  Pro-activeness: Intelligent agents are able to exhibit goal-directed behaviour by 
taking the initiative in order to satisfy their design objectives.
•  Social ability: Intelligent agents are capable o f interacting with other agents and 
possibly, humans in order to satisfy their design objectives.
At first glance these capabilities do not look too difficult to achieve. It can be argued that 
these capabilities can be found in conventional software algorithms: reactivity can be 
found when a software function reacts to a predefined input, pro-activeness when an 
algorithm works to achieve a pre-defined goal and social ability it is argued can be found 
between objects in object-oriented programming. The difference for agent-based systems 
is that these capabilities need to be achieved in an environment that is inaccessible, non- 
deterministic, dynamic and continuous.
The study of environments is an important theme for the whole field of artificial 
intelligence and not just agent-based systems. Russell and Norvig (1995) discussed four 
types of classification that can be applied to any environment under scrutiny, namely: -
A ccessibility: An  accessible environment is one in which all information about its 
current state is available to the agent at any point in time.
•  Determ inism : A n  environment’s determinism is a description of how predictably 
the environment will react to a particular action upon it.
•  Dynam ism : An environment’s dynamism, from the point of view of an agent or 
agent-based system, is the likelihood of an environment state change that 
originates from a source other than the agent itself.
Continuity: The simple distinction between discrete and continuous 
environments is that a discrete environment only ever has a finite number of states
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that it can transform into where as a continuous environment has an infinite 
number.
2.7.3 Multi-Agent Systems
Wooldridge & Jennings (1995) state that an agent has to have social ability in order for the 
benefits of an agent-based approach to be realised. Here, the benefits obtained from 
combining agents in a multi-agent system are briefly considered.
Varma and Silcom (1997) propose that the goals o f collaborative agents in a multi-agent 
system are often similar to the goals of distributed artificial intelligence with the general 
aim being the exploitation of distributed resources. It is suggested that collaboration 
amongst agents in a multiagent system allows for the solution of problems otherwise too 
large for a centralised single agent. They also suggest that there are other benefits of a 
multi-agent approach including enhanced modularity, higher speed due to parallelism, 
reliability, flexibility and reusability of existing resources.
In a recently published white paper, Bellifemine et al. (2003) prefer to draw on the 
similarities o f the peer-to-peer network protocol to illustrate some of the benefits of multi­
agent systems. In a pure peer-to-peer network protocol there are no servers or centralised 
control systems. Each peer on the network is capable o f both initiating communication 
and being the subject of a request A peer is also able to leave or enter the network at any 
time. This is unlike the more conventional client/server network model where there is a 
rigid distinction of roles between the client nodes and the server nodes. The benefits of 
this peer-to-peer approach, which is analogous to a system of distributed agents, include:
• Greater efficiency in the operation o f multi-party applications, since there is no 
longer a server to become the bottleneck for service access and information flow.
• Improved reliability, since the system is not dependent on any one node in the 
network being operational, unlike the client-server model in which the network is 
only functional whilst the server is in working order.
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•  Adaptive and scalable, since new peers can be added or removed from the 
network with ease. Performance and access to services is unaffected or sometimes 
improved when the network size increases.
These perspectives illustrate two advantages of using a multi-agent approach. Firstly, that 
the benefits o f distributed Al are at the disposal of a system o f this type. Secondly, the 
perspectives illustrate that multi-agent systems are conducive to a robust networking 
approach.
Having considered agents as single entities and combined in multi-agent systems the next 
two sections consider the applications of agent-based systems for autonomous retrieval.
2.7.4 Interface agents for the detection of information needs
When a human interacts with a computer the process that takes place is usually one way, 
where the computer will only do what it is instructed to do. This is known as direct 
manipulation (Maes, 1994). The idea behind “interface agents” is that they exist as 
software entities in the background of a user’s working environment and take the initiative 
in circumstances where it is possible to predict the user’s objectives without the user 
having to specify their requirements fully.
A notable development in this area was a research programme undertaken by the 
Massachusetts Institute of Technology (M il) in collaboration with IBM. The research 
resulted in the development o f several applications which used JITIR (Just-In-Time- 
Information-Retrieval) agents. Rhodes and Maes (2000) defined these as a class of 
software agents that proactively present information based on a person's context in an 
easily accessible and non-intrusive manner. They continuously watch a person's 
environment and present information that may be useful without requiring any action on 
the part of the user.
The Remembrance Agent (RA) (1996) was an application developed to be used with 
EMACS, a popular text editor for the UNIX operating system. The RA presents a 
regularly updated list of documents that are related to the current document being written 
or read. These suggestions appear in order o f relevance within a special display buffer at 
the bottom of the EMACS window. When the user is typing, reading emails or otherwise
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changing their environment the list is updated every few seconds. Suggestions from 
multiple databases can then be listed in the display buffer. For example, the system can be 
configured to display suggestions from email archives in the first four lines and 
suggestions from note files in the next two lines. A significant benefit of this approach is 
that the suggestions can be collected together from a collection of sources (e.g. local, 
networked or internet based).
“Margin Notes” (Rhodes and Maes, 2000) is another application based on the same 
technology. In this case the JITIR automatically rewrites web pages as they are loading, 
adding hyperlinks to related documents.
Interface agents have also been used to create meeting schedulers to aid collaborative 
work. Haynes et al (1997) developed a meeting scheduler which assigns an agent to each 
user who then programs it with their personal preferences. The agents then negotiate 
meeting times with each other for their corresponding users.
2.8 Content syndication
Content Syndication or Really Simple Syndication (RSS) as it is also commonly known, is 
the most prominent consumer push technology in the modern computing environment 
Following its initial introduction in Chapter 1, RSS is discussed further in this section.
An RSS feed is delivered to a computer user in the form of an xml file. Essentially, the 
mechanism works through the user-directed subscription to a number of channels which 
deliver information related to a specific topic. An RSS aggregator is used so that the 
various channels that are subscribed to can be automatically checked typically every 5-20 
minutes.
All that is required on the side o f the operator delivering new content is that the content is 
posted on their website in an RSS compatible format. From the recipient’s perspective, the 
delivery experience is very much the same as a new email alert and can usually be 
configured within the aggregator client to suit user preferences. Currently, RSS feeds are 
suitable and most popular with news media broadcasters for the delivery o f text-based 
bulletins and podcasts and also with people who create weblogs and want others to be 
updated with new posts.
2-17
A  r e v i e w  o f  k e y  r e s e a r c h  a r e a s  a n d  t e c h n o l o g i e s
RSS, in its current form, originated from a number of concurrent developments which 
resulted in numerous standards and revisions. Some of the more significant early 
developments include: the XML syndication format developed by Winer (1997) for use on 
his scripting news weblog; the ‘channel definition format (CDF)’ developed by Microsoft 
in 1997 to be included as a feature in an early version o f their proprietary web browser; 
and the RDF Site Summary created by Libby (1997) resulting in the first prototype of the 
standard.
2.9 Summary and conclusions
A central argument presented in this thesis is that a complete approach to electronic 
information management should provide a knowledge worker with push technology in 
addition to adequate provisions for the retrieval o f information. The review has illustrated 
that the automated delivery of pertinent information can be achieved in a variety of ways 
to satisfy the different aspects of a computer user’s information needs.
Collaborative filtering systems harness the power o f people’s judgments o f information to 
identify people with common preferences for information or other artifacts. In addition to 
the applications in e-commerce domains, collaborative filtering systems demonstrate an 
effective mechanism for connecting people and consolidating knowledge within 
communities. These are important aspects in areas o f industry and academia, where 
communities are formed on the basis of some sort o f knowledge specialisation. For 
example, they may be a particularly useful tool for disseminating information within 
Communities of Practice.
In addition to responding to newly available information, push technology has the 
potential to respond to contextual factors relating to short term or immediate information 
needs. Implicit indicators that can be used to identify topic interest and task focus were 
discussed but it is clear that this research is still in the early stages o f development and it is 
thought that much can be done to improve the quality of data obtainable and the accuracy 
of its interpretation.
A further approach to gleaning contextual aspects from the computer user was identified 
in a discussion of implicit approaches to relevance feedback. White et al (2006) have 
shown that a user’s interest in a given topic can be identified through the information
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entities not selected but rejected in search activity. Although such a technique is restricted 
to search activity, it is another tool which can be used to build a picture o f the user’s 
interest; a key requirement to contextual approaches to information push.
In section 2.5 some general approaches to identifying links or associations between 
separate items of information were presented using either from the content embodied in 
information or through an analysis o f search queries and information access. These 
approaches were reviewed since the resulting links or associations can possibly be used to 
form a list of additional information that may be relevant to a computer user in the 
context of their current working session. More specifically, such associations would allow 
for a list of related documents to be recommended given a list of the documents being 
browsed or edited.
In section 2.6 and 2.7 some important aspects o f artificial intelligence systems were 
reviewed. In particular, the role of probabilistic and learning algorithms were discussed for 
dealing with uncertainty. Push technology, often involves an element of uncertainty in the 
interpretation of user behaviour and the evaluation o f pertinent information. A review of 
the implementation of artificial intelligence systems using an agent-based approach was 
also presented. In particular, it was noted that the reactive, proactive and social capabilities 
that agent-based systems are designed to have make them a particularly suitable option for 
information push approaches involving the autonomous retrieval o f information; some 
related systems developed were discussed to illustrate this point.
Finally, content syndication or RSS was discussed as an additional information push 
approach for keeping up-to-date with new information posted from a number o f web- 
based sources. This user-directed approach has a number o f well established benefits and 
this point is illustrated by its wide spread adoption over recent years.
The aim of this review has been to identify a range o f current and future technologies that 
have the potential to improve the productivity and efficiency o f a knowledge worker’s 
activities. It is the author’s view that many o f  the approaches identified will also be of 
value in knowledge work related to engineering design. In particular, improving 
collaboration through the automated exchange o f  design information in project teams and
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additional possibilities for automatically supplying task related information, are both 
examples where the technologies reviewed may be useful in this context.
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Chapter 3
A REVIEW OF SYSTEMS IN ACADEMIA 
AND COMMERCE
In the previous chapter, some key areas o f related research have been 
presented. In this chapter the review is extended with a study of some push- 
based information management systems. In particular, a cross-section of 
commercial and academic systems in various categories of the scheme 
presented in Chapter 1 are examined in detail The reference model developed 
by the author is also drawn upon to elicit the characteristics, components and 
mechanisms at work in each system. The primary objectives are to review the 
current state-of-the-art and to identify gaps in the field o f research. The 
chapter is ended with a discussion o f the general findings and how the results 
influenced the research direction.
3.1 Background to the study
This study was carried out early in the research programme to review the state-of-the-art. 
Essentially, the scope o f the study was to identify any push-related systems that may be 
used in a beneficial way to support knowledge workers in information handling tasks. As a 
result, the study includes a diverse range o f systems. In some cases the systems evaluated 
are the result o f academic research projects. In others, the systems are embedded in 
commercial software applications targeted at corporations, providing knowledge 
management solutions. The approach taken was to analyse each system in detail to 
investigate differences and common aspects. Figure 3-1 shows the number o f systems 
analysed for each of the categories of the scheme presented in Chapter 1.
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Al«rts W « b / Content Content Collaborative Context Grouped
N etcasting synd ita .ion  Altering Altering sensitive push com binatory
I  ___________ I approaches
Re com mender systems
□ Academic: Commercial
Figure 3-1: The number of systems to be evaluated within 
each category.
The analysis was conducted in respect of the three components of the IPM reference 
model developed (see section 1.1.6). The main sections in this chapter each correspond to 
individual components of the model; the colour-coded diagram shown in Figure 3-2 
indicates which component each section corresponds to.
3.2 Objectives
In summary, the overall goals of the study were to:
• Establish where gaps in related research exist.
• Review and extrapolate current and future trends in the development of push 
technologies.
• Examine differences in the methods being used or investigated in academia and 
industry.
• Establish where push technologies are being used successfully in the commercial 
arena.
In addition the study was useful for validating the appropriateness of the reference model.
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Study of content delivered 
(Section 3.6)
Figure 3-2: A schematic showing the aspects of the model 
reviewed in each section
3.3 Summary of the method used for the analysis
A number of ‘comparison matrices’ were constructed in order to conduct the analysis, 
which consisted of a list of systems reviewed down the vertical axis and a list of the 
evaluation criteria, concerned with presence or inclusion of a system feature, across the 
horizontal axis. Essentially, if a characteristic or component was a feature of a system then 
this was noted in the corresponding position within the matrix. The elements within the 
matrix were constructed on an ad-hoc basis as each system was examined. If a new 
characteristic or component of a system was discovered this was added as an additional 
element in the matrix. Six matrices were constructed, three for academic systems, and 
three for commercial systems; these are presented in full in Appendix A.
A number of charts were then constructed from the data recorded to provide an 
indication of the current status of the research and technologies. It should be noted that 
although the study was reasonably large, it would not have been possible to capture every 
development or product within the survey. So it is hoped that the results provide a 
reasonably representative cross-section of systems to give an indication of the active areas 
of research and development.
In the following sections, the main findings from the study are presented for each 
component.
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3.4 Approaches to profiling
The study revealed a range of approaches that are used to profile computer user’s 
information needs. The evaluation criteria and summary of main findings for this aspect of 
information push are presented in sections 3.4.1 and 3.4.2 respectively.
3.4.1 Evaluation criteria
Criteria Description
Contains auto, captured elements Identifies whether the user is involved in
<uu Contains manually added elements
the elicitation of an information need
dUh Based on last executed action Identifies the data elements that are used to
Based on recent executed actions form the information need profile
Document rating (exp. interest) These elements are used to identify ‘items’
Document viewing time (imp. 
interest)
of information that are of interest. Systems 
using these elements usually rely on a prior 
knowledge of related items, defined in 
clusters, categories or using similarity 
matrices
1 Other temporal data
tJ0 Document metadata
to c<uc URL captureG53
J3 Typed text These elements are in the form of text,
Parse-able onscreen text typically used as keyword search criteria for 
autonomous retrieval of related 
information
Commands or wizards used These elements are typically used to infer
Menu selections help or supporting information relating to 
commands or functions
Contains auto, captured elements Identifies whether the user is involved in
Contains manually added elements the elicitation of an information need
uu Based on user actions Identifies whether the profile is formed
<u Based on user interests
from a historical record of data relating to 
user actions or a description of user
&0 interests
1
c Topic preferences These elements, describe various detailsc3
<u





Role in project or process
to predict their interest in a given item of 
new information.
Current project
Position in project team hierarchy
Geographic location
Table 3-1: A description o f the evaluation criteria for 
information need profiles
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The criteria in Table 3-1 are divided into two categories which indicate whether the aspect 
o f the system under evaluation caters for a short-term information need relating to a 
computer user’s current activity or a medium to long-term information need relating to 
interest or preferences. Beneath these two main categories a further distinction was made 
between facets o f the profile which describe general features or characteristics and elements 
which refer the actual entity or metric used to determine interest in a given document or 
topic.
3.4.2 Study results
10 20 30 40
Contains auto Captured elements
Contains manually added elements 
Based on last executed action
tro
05
Based on recent executed actions 
Document rating (exp Interest) I  
Document viewing time (imp interest)





Commands or wizards used
Menu selections
Contains auto Captured elements 
Contains manually added elements 
Based on user actions
Based on user interests
cQ Topic preferences
Proffession
Role in project or process
Current project




Figure 3-3: A quantitative analysis o f the features involved 
in profiling computer user’s information needs
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Figure 3-3 shows the features involved in the profiling of computer user’s information 
needs. One of the most notable aspects of these results is the large number of systems 
catering for medium to long term information needs in comparison with those catering for 
short term needs. This reflects the larger number filtering and content syndication systems, 
in contrast to the more advanced systems that cater for short term information needs 
which are still really in early development.
A further finding from the study was that the types of element used to profile the 
computer user’s information needs are commonly based on the:
• “Current activity”, which typically refers to the last executed action(s).
• “Event history”, which typically refers to a history of executed actions.
• “Interest profile”, which refers to relatively static descriptive elements defining a 
computer user’s information needs or preferences. The descriptions are typically 
provided by the user and are in a machine readable form so the description can be 
compared with a document in order to assess relevance.
Figure 3-4 shows the results summarised from this perspective.
Current 
activity & 










Figure 3-4: Profile constituents in academic projects (i) and 
commercial projects (ii)
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The following trends can be drawn from this analysis:
• Commercial projects tend to adopt simpler profiles for their systems, which 
typically consist of a manually constructed profile of user information needs or 
interests. This can be seen from the larger ‘interest profile’ segment
•  The comparatively large segment for ‘interest profile & event history’ represents 
the academic interest in various collaborative filtering approaches.
• The large ‘current activity* segment o f the commercial projects analysis represents 
the introduction o f web oriented products such as Blinx, Enfish and XI. A 
common approach used in these systems is to construct a search query from text 
contained within web page which is then used to search local and Internet-based 
indexes for related results.
3.5 Approaches to content matching
In this section, the approaches that are used to evaluate whether information should be 
rejected or selected for delivery to the user are reviewed. The evaluation criteria and 
summary of main findings for this aspect are presented in sections 3.5.1 and 3.5.2 
respectively.
3.5.1 'Evaluation criteria
The evaluation criteria for this component o f the model (see Table 3-2) primarily refer to 
technologies discussed in Chapter 2 with the exception of text-based retrieval methods. 
These methods were found to be used in systems where the profile extracted consisted of 
a number of keywords, which were then used to perform a keyword search. A number of 
miscellaneous characteristics o f the approaches reviewed were also included to collect data 
on specific aspects outside of the two main categories of filtering and retrieval.
3.5.2 Study results
Figure 3-5 provides a general indication o f the popularity of approaches based on the 
systems included in the study.
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Criteria Description
String matching These refer to a number of well
T3<u Vector space modelling established methods in the field of 
information retrieval. They typically rely 




H Latent semantic indexing set in order to calculate metrics such as the 
term frequency within document(s)
c
<E> Classification or categorisation These refer to a number of “content
U(L) Clustering, graph theoretic methods
independent” methods for identifying 
relationships between documents. E.g. 
using expert knowledge or through the 
identification of common use-cases. (See 




Text-based content filtering Widely recognized approaches to content
Model-based collaborative filtering and collaborative filtering. (See section 2.2 
in Chapter 2)tu
rS Memory-based collaborative filtering
Item-based collaborative filtering
Involves probabilistic inference A number of miscellaneous criteria
o
§ Involves aggregation
observed in a number of systems. (See 
sections 2.3, 2.6 and 2.8 in chapter 2)
Involves pattern matching
Table 3-2: A description of the evaluation criteria for approaches for 
matching profile with content
The main findings from this analysis are summarised below.
• The fundamental constituents of string matching and categorisation are 
predominant in both academic and commercial approaches. The study indicates 
that these methods are used in conjunction with other methods.
• The portfolio of academic projects shows more variation and diversity in the 
approaches being investigated.
• A number of different collaborative filtering approaches are the subject of 
investigation, indicating that there is no one dominant approach.
• A popular approach is to use relevance feedback in conjunction with collaborative 
filtering approaches.
• Commercial projects tend to rely on simpler or well-established methods, e.g. RSS, 
string matching, categorisation schemes etc.
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Figure 3-5: A quantitative analysis of the methods used to 
match information need profiles with content.
3.6 A review of the content delivered by systems
In this section, the information that systems deliver to users is categorised and reviewed. 
The evaluation criteria are presented in 3.6.1 and the main findings of the study are 
presented in 3.6.2.
3.6.1 Evaluation criteria
The criteria for this aspect of information push systems are presented in Table 3-3. The 
table includes a number of specific attributes, but also some general characteristics.
3.6.2 Study results
In Figure 3-6, the primary types and characteristics of the information are shown. As the 
types of information are of particular interest only these elements are shown in Figure 3-7.
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Criteria Description
Customer /  supplier /  partner reference These categories were used to distinguish
Other internal ref. (Policies, procs., etc) between different types of reference 
material used in a corporate environment.
Other external ref. (Standards, legisl’n etc)
External news items Used to distinguish between corporate
£ Internal news items
and public news media.
Published reports /  documents Identifies some commonly used types of
Discussion forums (newsgroups etc.) document or information item.
Personal Notes /  Reminders
Email or other forms of communication
G Local content Identifies where the content resides in
6
r\
Networked content personal, corporate or public file stores.
Q Internet based content
Text-based documents Indicates the medium and format the
O S Text-based data (e.g. database records) content is presented in. These categories 
were designed to cover the most popular 
forms of electronic information used in
0
tu Audio /  video
Pictorial information knowledge-based industries.
Formal Informal information typically relates to
Informal notes, dialogue, or communication. 
Formal information usually relates to 
more permanent information. Structured 
information usually has a greater level of 
accessibility. More details on these 










Newly published /  created content These categories relate to the age of
Legacy /  historical /  archived content information
Specialist topic Indicates a specific target audience over 
public or general information
Table 3-3: Description o f the evaluation criteria for content delivered 
by systems under evaluation
The main findings from this analysis are summarised below.
• In academic projects the management of a wider range of reference material for 
corporations or organisations is being investigated, i.e. see segments 1-3 of Figure 
3-7. Commercial products or prototypes tend to be orientated to delivering items 
of news.
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Figure 3-6: A quantitative analysis o f the types and characteristics 
of information provided
• The management of internal reference material in corporations holds the greatest 
interest in the academic community. This is possibly an indicator of the large body 
of work, particularly in applied fields such as design engineering looking at how to 
improve working practices of their field in industry (e.g., Klemeke 2000; Busch 
2004; Ahmed 2003).
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■  1 Cust. /  supp. / part, ref
■  2 Other internal ref
■ i  Other external ref
■  4 External news items
■  5 Internal news Items
•  6 Published reports /  documents
■  7 Discussion forums
H 8 Personal notes /  reminders 
Q 9 Communication
Cii)
Figure 3-7: Comparison of the types o f information delivered 
in (i) academic and (ii) commercial systems
• The large proportions of internal and external news items in commercial projects 
represent the large proportion of filtering and syndication systems, i.e. alerts, 
webcasts, RSS etc.
3.7 Conclusions
In 3.7.1 some further general conclusions drawn from the study are presented and in 3.7.2 
the factors from the review of literature and the survey which have influenced the 
direction of the research are discussed.
3 .7 .1 Additional generalfindings
Some general conclusions from the study are summarised below.
• Generally, commercial software products tend to involve simpler implementations 
of information push systems, particularly in respect of approaches to content 
matching.
• It is clear from the review that, due to variety in approaches, there is a large 
number of possible ways in which individual features of the systems reviewed may 
be combined. Combinatory approaches that have not previously been given 
significant attention in the literature and prototype systems, e.g. approaches 
combining short-term and long-term information need profiles, are interesting 
areas for further research.
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•  A comparison of academic and commercial projects shows that there is greater 
academic interest in using the historical records of information usage to represent 
user information needs. However, as reported in previous sections, these tend to 
be restricted to collaborative filtering approaches which tend not to support short 
term information needs related to the context of the current task
3.7.2 Impact of survey on research direction
Some key findings from this survey influenced the decision taken to study certain aspects 
o f research further. In particular, it is clear that systems responding to short term, 
contextual aspects of a computer user’s activity are still early in development 
Furthermore, it appears that there has been little research on systems that utilise historical 
records of information use to inform systems of pertinent information in future contexts.
It is also apparent from the study that their has not been much research undertaken on the 
application of information push approaches that rely on approaches similar or related to 
link analysis—the primary applications to date have been in web information retrieval. It is 
thought that there is significant scope for adapting traditional approaches which utilise 
explicidy defined references (hyperlinks) between documents so that dependencies are 
identified impliddy through user actions in order that they can be exploited by 
information push systems.
Finally, from the review of the types of information or content delivered, there has been 
much less attention given to capturing and delivering information from external sources. 
Much o f the related research in this area has concentrated on organising and supporting a 
corporation’s internal information infrastructure.
The primary approach developed later in this research contributes to each of these aspects 




PART I: Toward autonom ous information support in knowledge-based
organisations
A unified overview of theory and technologies geared towards automated information support for 
computer users. This includes the critique of literature in IR, Al, HCI and other domains into a 
unique depiction of the field of study. The primary contribution is the Information Push Paradigm
Model (IPM).
Chapter 1
An introduction to 
Information Push
Chapter 2
A review of key research 
and technologies
Chapter 3
A study of systems in 
commerce and academia
PART II: Information Push in 
Engineering Design
The development of design information push 
strategies under the consideration of relevant 
issues in engineering design practice. The 
primary contribution is the Activity Profiling 
Methodology (APM) for task-centred 
information support in design.
Chapter 4
Managing electronic information in design 
engineering
Chapter 5
Push-based strategies in design 
information management
Chapter 6
An activity profiling methodology 
supporting push
PART III: Empirical stud ies on the 
potential applications of activity 
profiles
Empirical research involving a number of 
analyses of data captured during working 
sessions on computer. The primary 
contribution is the Bayesian Evaluation of 
Context Indicators (BCI) approach
Chapter 7
CIFLEX II: A software prototype for the 
capture and exchange of contextual info.
Chapter 8
An approach for the Bayesian evaluation 
of context indicators
Chapter 9




MANAGING ELECTRONIC INFORMATION 
IN DESIGN ENGINEERING
Over the next three chapters the possible role for information push in design 
engineering is explored. In this chapter a review of the current and high priority 
issues specific to design information handling are presented. This includes a 
case study of issues identified at Airbus UK, the passenger aeroplane 
manufacturer, and also a review of some relevant academic studies. The 
integral influence of product and process in the management of design 
information is also introduced. This review serves as a platform for the 
discussion o f several engineering-oriented information push approaches 
discussed in chapter 5 and the investigation o f a specific approach developed 
in chapter 6.
4.1 Current information management needs and issues at Airbus
This review starts with a discussion of some of the more prominent points from a recent 
information management survey involving interviews with a small number of managerial 
and expert design staff at Airbus UK. The survey (Young et al, 2003), was conducted by 
the knowledge management team as part o f their own research programme and was not 
undertaken in conjunction with the authors work; although some of the findings were 
relevant and the survey is presented here for that reason. More specifically, the survey was 
designed to identify the current, real-world information handling problems being faced by 
practising engineers in their organisation. The interviews, which were undertaken on an 
informal basis, were recorded so that they transcripts could analysed and the main 
qualitative findings documented. A summary of some of these findings is presented here 
to provide the reader with a useful introduction to some actual problems suffered in 
industry before the review of academic literature that follows in the remaining sections.
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4.1.1 Key Issues
In summary, the key issues extracted from the survey transcripts were:
i. Difficulty accessing design information for older products: Difficulty in
retrieving a complete record o f the knowledge in the form of design information
and rationale for some of the older products (e.g. the Airbus A320) is a problem 
area mainly because people have either retired or moved on and there is a 
potential risk identified that some knowledge might have been lost
ii. Obsolete and incompatible data formats: The requirement for accessing
historical design information, which can sometimes span decades because of
lengthy product lifecycles, sometimes results in difficulties extracting data due to 
obsolete or incompatible data formats. An example was provided of a solid 
modeling format had become obsolete and was found incompatible when work 
was required to remodel geometry.
iii. Importance o f formal design information records: The discussions undertaken
with expert design staff highlighted the importance of formal design records that 
are required to be produced for the relevant aviation certifying bodies that govern 
aircraft design airworthiness. These files prove to be a key source o f reference 
information for the geometry, design rationale, file names, version numbers etc. o f 
older aircraft.
iv. Confusing classification of engineering information: The classification o f
design information is a current issue when the designers do not involve themselves 
in the archiving of their work. An example was provided where the entry of fluid 
motion information, i.e. aerodynamics, was archived as fluid systems information, 
i.e. hydraulics etc, by library staff.
v. Problems arising from information storage systems and filing procedures:
The regular introduction o f new information storage systems and filing procedures 
can be confusing to designers leaving them unsure about where the information 
they are seeking can be found or whether or not it exists. This issue is related to 
the exponential growth of digital data to be managed.
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vi. Issues regarding the use of log books: It was thought that the intended plan of 
the knowledge management team to find ways to share and make more use of 
information recorded in log books could be beneficial but the question of how 
personally sensitive information could be protected was raised.
4.1.2 Discussion
On consideration, issues (1) and (ii) may be special problems relating to industries involved 
with the development of products with long lifecycles. The aircraft industry is possibly 
most exposed to these issues because o f the significantly long lifecycles and the intensive 
service and maintenance schedule for in-service products.
Issue (iii) primarily relates to issues of trust and authority of information; engineers need to 
know whether information has originated from a trustworthy and reliable source to make 
good design decisions. This may be particularly important in the aircraft industry because 
of the criticality of design decisions and the high risks associated with badly informed 
design rationale.
Issues (iv) and (v) are primarily associated with the organisation and management of 
information, these difficulties may partially be a consequence o f the vast amounts of 
information and data being used across the geographically dispersed organisation and also 
the inherent difficulties associated with handling such information in a universally 
coherent and structured manner. This problem may possibly be exacerbated where sub­
groups within a larger community of users adopt their own protocols for archiving and 
searching for information, making sharing and dissemination across different groups more 
difficult.
Finally, issue (vi) relates to some preliminary responses from engineers in regard o f the 
knowledge management team’s decision to investigate the exploitation o f informal 
information sources in new strategies for capturing, to a greater extent, the rationale for 
design decisions. There are obvious benefits associated with the capture o f more complete 
records of the intellectual output from designers but issues of privacy, personal space and 
how to achieve the extraction of useful data are significant barriers to such an approach.
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O f all the issues discussed, (v) highlights to the greatest extent, a possible motivation for 
the introduction of information push technologies; if the management o f information 
sources for the provision of relevant information can be delegated to push technologies 
then this lessens the requirement for a knowledge worker to know where and how the 
information they need can be retrieved.
4.2 Academic studies of information in the design process
The role of information is seen as centrally important in academic studies of the design 
process. Indeed, many researchers refer to design as simply a process of information 
manipulation. Wallace and Hales (1989) state that the design process is essentially an 
information processing activity, usually undertaken by a team of people with its 
progression depending on the decisions made. Eder (1989) defines engineering design as a 
process performed by humans aided by technical means through which information in the 
form of requirements is converted into information in the form of descriptions of 
technical systems, such that these technical systems meet the specified need.
In this section, research looking to quantify and describe the role o f information in the 
design process is discussed. In particular, the way in which design information has been 
characterised by type, source is reviewed in section 4.2.1 and the way in which design 
information has been characterised in terms o f its formality is reviewed in section 4.2.2. In 
section 4.2.3 these aspects are considered in relation to the development of information 
management tools—particularly those related to information push.
4.2.1 The types and sources of information in engineering
The characteristics and features of design information have been the subject o f a number 
of studies in recent years. A useful distinction between types and sources of information was 
made by Court (1996) in a study o f designers’ information access behaviour. In particular, 
within this framework, information types are considered in the sense of “what information 
is required to undertake a particular task”; various types identified in the study are listed in 
Table 4-1.
In addition, Court investigated a further attribute relating to the sources o f information 
which were defined as being “where these types of information reside”; information 
sources identified in the study are listed in Table 4-2.
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Analysis Materials
Relevant standards Manufacturing




Development Information Quality /  Reliability
Table 4-1: A list o f types o f  design information (Court 1996)
It is important to note that this review was published in 1996 before widespread use o f the 
Internet for information provision, so these sources generally refer to the physical location 
of information. However, where this information is now accessed through the use of 
Internet technologies they are still representative o f the locations o f websites where 
information is searched for, accessed and retrieved.
An alternative, more up-to-date study is provided by Lowe (2002). In this work, the 
information sources are primarily defined by the usage domain, i.e. the group of users who 
access or contribute to the information, and there is less emphasis on the physical location 
of information. This may be a more appropriate approach to adopt given the ethereal 
nature of electronic information. In Figure 4-1, the sources of information used by 
designers, technical specialists and managers revealed by the study are presented.
Boston et al (1997) also carried out research to describe and understand the ways in which 
engineering information is stored and accessed. Some particularly interesting findings from 
a study of information access and use patterns for the selection of standard components in 
design are presented below:
Libraries Patent office







Table 4-2: A list o f sources o f design information (Court 1996)
4-5






i n n m
Personal sources Local workgroup Company wide Specialised external 
sources sources
Figure 4-1: Information sources used to satisfy the information 
needs of engineering design practitioners. (Lowe 2002)
Public external 
sources
• 84% of respondents stated that within their organisation a collection of standard 
supplier literature was stored within a centralised global library.
• However, 75% of respondents also had a personal collection of information 
including supplier literature.
• Only 50% of respondents shared their personal information stores and 25% never 
did.
These findings may possibly indicate that: (i) the designer’ prefer to rely on their personal 
information possibly because of ease of accessibly or trust in information; and (ii) 
designer’s may be unwilling to share their information because of issues of privacy or as a 
means to retain their value to the company in an act of competition with others within the 
firm.
4.2 .2  Formal and informal information in the design process
A further attribute of information relates to the level of formality associated with it. In 
related research, Allen (2003) made a distinction between formal and informal classes of 
information used for the selection of standard components; the research presents the 
categorisation of 3 types of formal information.
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• Primary Information: describing to the direct workings of a component, e.g. the 
load rating of a bearing.
•  Secondary Information: describing consequential component characteristics, e.g. 
dimensions of the component
• Tertiary Information: describing information relating to the operation, installation 
or service of a component, e.g. the required lubricant and intended applications of 
a bearing.
It is suggested these classes cover typical areas o f information that a designer acquires 
from component supplier literature. However, in the component selection process 
designers also rely on some of the following informal information types identified in the 
research to inform their decisions:
• Memory: information acquired though personal experience in design.
• Verbal: information conveyed between colleagues.
•  Written (Unstructured): information in note format, for example in emails or log 
books.
• Written (Structured): information that can be found in a catalogue but can be 
loosely defined as informal, i.e. structured notes.
As a result of this study, a software tool was developed enabling the storage and reuse of 
informal information amongst design teams.
4.2.3 Discussion
The characteristics and attributes of engineering information identified in these studies 
illuminate some key considerations for designers o f engineering information management 
systems.
A key point that can be noted from these studies is the true diversity o f information 
sources and types in engineering activities. This highlights a requirement for engineering
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information management systems to be capable of accommodating not just the 
information created and referred to internally within an organisation but also linking to the 
large amounts of external information.
A further point highlighted by these studies is the lack o f support for the management o f 
informal unstructured information. This may be partly due to the fact that such 
information is not critical for proceeding through the various stages o f the design process, 
as formal information generally is. In addition the difficulties associated with capturing and 
placing such information in its correct context possibly contribute to this shortfall. From 
the context o f this research, information push has a possible role in supporting electronic 
items of informal unstructured information, particularly informal information in emails; 
e.g. the Remembrance Agent (Rhodes 2000) discussed in Chapter 2 is an example of how 
push technology can support the management of this type of information.
4.3 The role of product and process in managing design information
For information push systems to be of benefit in engineering design, they need to support 
information management in the two key principal areas related to product and process. 
Detailed and accurate documentation of product designs is important to enable 
reproducible, efficient manufacture. The knowledge and documentation of processes by 
which products are created—individually and collectively over the long term—is 
important to ensure sustained development of new products and the longevity of the 
organisation12. The literature on these areas o f product and process oriented information 
management are discussed in 4.3.1 and 4.3.2. In addition, a discussion o f relevant 
modelling languages used to represent product and process is included.
4.3.1 Managing product data
Much of the information used in design is conventionally managed within product data 
management (PDM) systems, which are essentially databases designed to organise the 
technical data associated with a product’s design representation. Early product data 
management systems primarily dealt with the geometric data relating to the form and 
assembly of the components that make up a product. The IGES13 standard which has
12 As identified in knowledge management literature, e.g., Nonaka and Takeuchi (1995)
13 IGES preservation society homepage, http://w w w .iges5x.org/. [Accessed 17/07/07]
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Figure 4-2: Diagram illustrating the end users o f product data 
exchange formats (Industry Canada 2002)
been in use for over 20 years provides a common platform for the exchange of such data 
between computer aided systems. More recently, the STEP14 standard (STandard for the 
Exchange of Product model data) or IS010303 has been intended to handle a much wider 
range of product related data including product function data, packaging design data, 
project data and product lifecycle support data
The primary purpose of the STEP standard is to provide a common data exchange format 
for the many parties involved in an often increasingly fragmented product development 
process. Figure 4-2 (adopted from Industry Canada 2002) illustrates the principal end 
users.
Further, Pratt (1999) provides some additional coverage on aspects of product related data 
covered by the standard:
‘ISO 10303 covers a wide variety of product types (electronic, electro-mechanical, 
mechanical, sheet metal, fibre composites, ships, architectural, process plant, furniture,...) 
and life-cycle stages (design, analysis, planning manufacture,...). This range is 
continually expanding as new parts of the standard are issued. ”
14 STEP, developed by the International Standards Organisation, http:// www.iso.org/ . [Accessed 17/07/07]
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This wide-ranging approach to organising product data is generally referred to in the 
literature and by software vendors as product lifecycle management (PLM). Ameri and 
Dutta (2005) provide a good description o f PLM as a business strategy for creating a 
product-centric environment:
“Rooted in computer aided design (CAD) and product data management (PDM) 
systems, PLM  is aimed at connecting various product stakeholders over the entire 
lifecycle of the product from concept to retirement ... it establishes a set of tools and 
technologies that provide a shared platform for collaboration among product stakeholders 
and streamlines the flow of information along all the stages ofproduct lifecycle. ”
The STEP standard and product lifecycle management strategies are geared towards 
managing and capturing the outputs o f the product development process but they are less 
suited to capturing or modelling aspects of the process itself.
4.3.2 Modelling and documenting processes
In this section, a number approaches designed to improve the management of the product 
design process are discussed. In particular, a subset of the IDEF range o f languages used 
for modelling and describing processes in the design engineering environment is given 
some coverage. Also, new methods being investigated in recent research looking to 
capture aspects of the design process not conventionally recorded, such as details about 
the design rationale employed in design decisions are discussed. Note that the discussion 
relates to different strategies for process modelling, description and capture. Although the 
concepts may be inter-related to some extent since they all can be used to improve 
understanding o f design processes, process modelling has further applications for planning 
or visualising processes.
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Figure 4-3: IDEF 0 Box and Arrow Graphics (graphic adopted 
from IDEF website15)
There are 6 languages within the IDEF family which have been designed with the goal of 
developing an engineering discipline to support the planning, analysis and design of evolving, 
integrated information systems (Mayer et al 1992). In the context of process management, 
two languages are of particular interest, IDEFO and IDEF3. Before discussing these in 
more detail it is worth noting that the IDEF designers distinguish between descriptive 
methods and modelling methods. IDEFO is primarily a modelling method and IDEF3 is a 
descriptive method.
Mayer et al provide a concise summary of the purpose of IDEFO and IDEF3. These are 
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Figure 4-4: Example of an IDEF 3 process description diagram 
(graphic adopted from IDEF website16)
15 IDEF 0- http://www.idef.com/IDEFO.htmL [Accessed 17/07/07]
16 IDEF 3, http ://w w .idcf,wm/lDEF3.hpnl, [Accessed 17/07/07]
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“IDEFO includes ...a  language for constructing a model of the decisions, actions, and 
activities in an organisation. Applying the ... method results in an organised 
representation of the activities and the important relations between these activities in a 
non-temporal, non-departmentalî ed fashion. It is designed to allow the user to ‘tell the 
story’ of what an organisation does. ”
“A n  IDEF3 Process Flow description captures a network of relations between actions 
within the context of a specific scenario. The intent of this description is to show how 
things work in a particular organisation in the context of a particular problem solving 
(or recurring) situation. IDEF 3 uses the ‘scenario’ as the basic organising structure for 
establishing the focus and boundaiy conditions for the process description. ”
On reflection o f the summaries above and other associated literature, in the context of 
managing the design process, it seems that IDEFO is particularly suited to providing a clear 
view of: (i) the inputs and outputs of an engineering function; and (ii) the controls and 
constraints that impact on that function. Such an approach is useful at the planning stage 
to ensure that all components of a system or function to be implemented in a process are 
given due consideration.
However, the non-temporal characteristic o f IDEFO modelling makes it unsuitable for 
describing or documenting decision procedures affecting the actual development of an 
engineering system or design. IDEF3 has been developed for this additional purpose and 
combining both languages may provide a robust approach to managing process 
information.
However, further consideration should also be given to how actions and decisions that can 
be described by the IDEF3 framework might be captured and extracted from activities 
within the process; as discussed in previous sections, the rationale for design decisions and 
the steps undertaken to reach a given objective are not always sufficiently documented in 
the formal design records. Research with the general objective of extracting such data is 
discussed in the next section.
4-12
M a n a g i n g  e l e c t r o n i c  i n f o r m a t i o n  i n  d e s i g n  e n g i n e e r i n g
4.3.3 Extracting rationale and related data from the design process 
A number of approaches have been investigated in recent years for capturing rationale 
within the design process. For example, Bracewell and Wallace (2003) have conducted the 
implementation and industrial evaluation of DRed (Design Rational editor) which they 
describe as: “a software tool that allows designers to record their design rationale (DR) at 
the time it is deliberated.” The initial response from their industrial trials indicate that, far 
from being a hindrance, the tool was proving to be beneficial in lending structure to the 
designer’s thoughts.
Huet et al. (2006) have taken a different tack investigating the use of recorded exchanges 
during meetings for capturing important rationale and designs taken. The findings from 
this work indicate that there is a significant amount of data about decisions and actions 
that can be omitted in meeting minutes; the authors have proposed a number of rationale 
mapping and transcript coding techniques for capturing and evaluating this additional data.
Flanagan et al. (2003) are investigating the impact of how losing track of the origin of 
individual design parameters can lead to confusion and inefficiencies later in the design 
process. The authors claim that:: “design tasks are often expressed in terms of parameters 
which may take the form of sketches or numeric values... however, [designers] often 
don’t know where the parameter values given to them have originated from, so they 
cannot question them easily...this hinders negotiation between designs and leads to a 
waste of resources.” The authors propose a methodology for documenting and keeping 
track of this sort of information.
In a similar vein (Keller et al. 2005) are investing an approach referred to as signposting, 
which enables designers to create structured accounts o f design tasks and the associated 
parameters involved. Using the signposting software developed “the design process is 
described in terms of tasks and their input/output parameters, together with resource 
requirements and uncertainty information .... Signposting allows for a detailed specification 
of process behaviour alongside a rich description of information dependencies between 
tasks.”
These examples demonstrate that there is a perceived need amongst the research 
community for methods enabling more effective documentation o f the design process.
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Figure 4-5: Analysis o f the proportion of effort spent on information 
retrieval in design projects. (Adapted from Hales 1991)
However, perhaps the most significant barrier to engineering practices in adopting these 
new procedures and methods relate the short-term efficiencies demanded of engineering 
organisations. If  the mid-to-long-term benefits o f documenting information and data that 
serves no immediate purpose are not apparent or clear then design practitioners may be 
reluctant to devote additional time doing this.
4.4 Search activity in design engineering
This section furthers the investigation by discussing empirical studies on the use of 
information in design. In particular, two aspects o f search activity are considered, the 
proportion o f search activity typically involved with design activities and a discussion o f 
the motivations for searching.
4.4.1 Search activity in perspective
Hales (1991) carried out a study in an engineering firm designed to improve understanding 
of the nature o f design in an industrial context. The study included extensive observations 
of designers’ activities over the duration o f a large engineering project.
One objective o f the research was to determine the focus o f effort over the duration o f 
each design phase. In the work undertaken, the amount of time spent on core design 
activities and also on additional supporting activities was identified and recorded. 
Information retrieval is one of the six supporting activities identified by Hales (1991) and 
makes up a significant proportion o f effort towards the end o f the design project. This is 
illustrated in Figure 4-5 where different aspects o f effort (measured in hours) are shown 
for each phase of the project. Information retrieval effort has been separated from the
m Core Design Activities (P&B) 
0  Supporting Activities 
□  Information Retrieval
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other supporting activities so that its impact can be seen. For more information on the 
core design and other supporting activities see Hales (1991).
Figure 4-5Although the study is a little dated when changes and advances in the field of 
engineering design are considered, it provides clues about the intensity of information 
usage at each stage. This analysis suggests that information retrieval is most prominent 
during the embodiment design phase where it constitutes 11% of project effort.
More recently Lowe (2002) carried out a survey o f information usage in a large aerospace 
firm. An interesting result was that on average 20% of designers’ time is spent searching 
for and absorbing information. Lowe concludes that this partly reflects the information 
intensive nature o f design activities reflects the inadequacy of existing information 
management approaches and support systems. Another observation made by Lowe about 
modem day design environments is the ubiquity o f emails and other electronic 
documents. This illustrates the need for systems to promote the management and retrieval 
of text based information throughout the design process.
4.4.2 Motivations for search activity
Recent research is also looking at other related issues such as the triggers for information 
searches and an analysis of designers’ preferred search methods. Some interesting findings 
are presented below:
•  In 45% of design searches in the aerospace industry the trigger for the search has 
been to gain an understanding of an area rather than as a response to a specific 
question or information need (Aurisicchio et al 2003).
•  Designers generally prefer to carry out searches using paper-based filing systems 
since folders help to create a mental picture of how information is structured and 
browsing folders helps designers to identify other issues related to the design (del- 
Ray-Chamorro & Wallace 2003).
• Where documentation structure is unfamiliar the most common and successful 
information searching strategies are browsing and navigating references between 
documents (del-Ray-Chamorro & Wallace 2003).
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• An information searching strategy based on accessing past projects is preferred, 
particularly by senior designers, as it provides examples of the applications of their 
information needs (del-Ray-Chamorro & Wallace 2003).
4.5 Contemporary information usage issues in engineering
In this section some modem day information use issues in engineering are discussed. It is 
thought these issues cover some important aspects that should be addressed in the 
development of new information management systems in engineering. Briefly, the topics 
include: (i) effective storage and reuse of information; (ii) support for the information 
needs of novice designers; (iii) effective knowledge management in distributed engineering 
design teams; and (iv) the management o f informal information in design. For each 
subsection, research in the development of systems designed to address or remedy the 
issues is also considered.
4.5.1 Effective storage and re-use of information
A review o f the most common types o f design activity emphasizes the importance of 
information storage and reuse. It is generally agreed that there exists various 
distinguishable types o f design activity. Pahl and Beitz’ (1984) categories of original design, 
adaptive design and variant design are widely recognized. There is also agreement amongst 
researchers that the majority o f design is non-original. Pahl and Beitz report that only 25% 
of products are based on original design. This observation may illustrate the importance of 
effective storage and reuse o f information for the purposes o f adaptive and variant design. 
However, this does not give insight into the aspects o f design information which are 
useful in reuse scenarios.
Kuffner and Ullman (1990) performed experiments to understand what aspects o f design 
information are useful for redesign. In this study engineers were given drawings for a 
simple product design and asked to make changes. Unprompted instances o f design 
information reuse that resulted were then analysed. One interesting conclusion resulting 
from the study was that, in addition the standard design information that was provided to 
them, mechanical design engineers were also interested in other sorts of information 
including the state (or version) o f designs in development, design proposals, design 
requirements and design application examples.
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Other research has been carried out to establish the barriers to re-use o f design 
information. Although the work is more to do with the barriers associated with the reuse 
of actual designs rather than information, the former is often a consequence of the latter 
so should be given some consideration. Busby (1999) carried out a study involving the 
building of simple causal networks to explain 171 cases of problematic design reuse 
described in unstructured interviews with 50 designers and design managers. The findings 
included observations that reuse was often precluded by differences in preference among 
designers as well as engineering problems such as the combinatorial properties of 
constraints resulting in component designs that could not be transferred between 
applications without extensive modification. A further finding was that designers’ 
motivations to innovate only inhibited reuse because the environment that they worked in 
led them to expect that existing designs would be deficient.
Aside from discussions on the limitations of re-use of information and designs it can be 
seen, from Kuffner et al’s work for example, that it is a part of the natural process o f 
design and if related design material is not available then it will be sought
Some research has been looking at how to maximise the effectiveness and efficiency o f 
reuse. Chung et al (2002) propose a novel framework for managing the design process 
using a formal grammar as a theoretical foundation to represent, manipulate and execute 
design processes. Essentially, the system requires greater emphasis on the formal 
descriptions of design processes in terms o f their specification and execution. The 
proposed benefits of the framework are the potential to improve design productivity by 
accessing, reusing and revising previous processes for similar designs. Kumar and Chandra
(2001) are investigating classification schemes and other systems that enable the retrieval 
o f subsets of components similar to a proposed component design to aid reuse, rather 
than the traditional use of predefined indexing schemes in Product Data Management 
(PDM) systems. Other systems, such as Stahovich’s LeamIT (1999) attempt to go one 
step further by not only generating related reuse documentation but applying the rationale 
extracted to it to new (parametric) design problems.
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4.5 .2  Support for the information needs of novice designers
A number of empirical and qualitative surveys have been carried out to differentiate the 
way in which novice and expert designers go about design tasks. Some of the more 
prominent findings listed below, raise important questions about how information 
management approaches should provide support for novice designers.
•  Ahmed and Wallace’s (2004) empirical work has shown that in the aerospace 
industry novice designers were aware o f their knowledge needs in only 35% of 
queries.
•  Ahmed and Wallace’s (2004) empirical work also suggests that experienced 
designers tend to ‘reason forwards’ and, when solving more complex problems, 
alternate between forward and backward reasoning; whereas novice designers tend 
to reason backwards when faced with design problems.
•  Kavakli and Gero (2001) find that whilst an expert’s cognitive actions are clearly 
organized and structured, there are many concurrent actions that are hard to 
categorize in the novice’s protocol. This finding raises the question o f whether 
structured and organized acts govern in some way the performance in the design 
process.
It should be noted that for some of these findings, such as the backwards reasoning of 
novice designers, it may not be possible to affect an improvement or change through 
adopting a change in information management approach. In this case, the characteristic is 
likely to be inherent in the designers’ behaviour and change may only occur through 
experience. However, in other cases the findings highlight some obvious areas for 
improvement for current information management methods.
It can be concluded from Ahmed and Wallace’s finding that conventional information 
management strategies are not being pro-active in assisting novice designers to help them 
understand what their knowledge needs should be. Their research has resulted in the 
development of a question-based system (CQuARK) which helps to raise the awareness 
o f what novice designers need to know and not just to provide support for accessing 
information and knowledge.
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As well as assisting the understanding o f knowledge needs, Kavakli and Geras’ (2001) 
findings indicate that methods that provide more guidance structure and organisation to 
design tasks may improve the performance of novice designers.
4.5,3 Effective knowledge management in distributed engineering design
Troxler and Lauche (2003), who have carried out studies on engineering service providers 
to the oil and gas industries, report on some of the difficulties of supporting knowledge 
management in distributed engineering design. They noted that dispersed design teams 
often have difficulty transferring work practices, methods and sources o f information 
across locations despite them performing similar functions. It can be concluded that, 
although the trend towards distributed design is continuing, the technologies in place to 
aid cohesion of geographically distributed project teams are failing.
In order to address these issues a better understanding o f the role o f team communication 
in design projects may be required. Research has recendy been carried out by Stempfle and 
Badke-Schaub (2002) to enhance this understanding through a close theoretical and 
empirical analysis of some basic cognitive operations that take place at team level. The 
empirical work involving the study of three teams solving a complex design problem 
resulted in the following findings:
• 2/ 3 of team interaction was regarding content of the design problem [dealing with 
the problem itself] whilst ’/ 3 of interaction was to do with process [roles and 
assigning of tasks]
• 10% of content-directed activities were regarding the goal space [what the solution 
should be]. 90% of content-directed activities were to do with the solution space 
[how to get to the solution].
The authors report that some of the more important aspects in team projects are the 
communication o f reasoning and the reflection of design strategies. When considered in 
the context o f distributed engineering design, it may be concluded that the (lack of) power 
of existing systems to enable this sort of communication may be limiting the effectiveness 
of distributed design teams. Duffy et al (1993) who report on design co-ordination within 
the context o f concurrent engineering, also touch on this area. They suggest that systems
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should be structured to provide active support for human limitations (such as dealing with 
complexity) without infringing on the fundamental strengths of humans to reason judge, 
learn and interact.
With the advent of the World Wide Web a substantial amount of research is looking at 
how to develop internet and intranet systems that improve the effectiveness of distributed 
design teams. A certain amount of progress has been made. Huang and Mak (1999) have 
developed formal Internet-based systems that allow for methods such as QFD1 and 
FMEA18 to be used as (geographically dispersed) team tools. Hietdkko and Rajaniem 
(2000) have developed Internet-based collaboration software specifically for small to 
medium sized enterprises. They report that trial usage of the system developed has 
resulted in communication that was more effective, accurate and included less errors and 
mistakes than previously.
4.5.4 Management of informal information in design
It is clear that the increasing complexity of designs will require more all-encompassing 
information management strategies. Some researchers believe that, in order to move 
forward, the management of informal information and general design documentation that 
often describe the rationale behind designs needs to be more fully supported. Ullman
(2002) states that PDM systems are beginning to manage some of the needed (non­
geometric and informal design) information. However, these systems tend to be oriented 
toward information that is well-structured and is not evolutionary. Further, these systems 
do not have a formal mechanism for managing information about argumentation leading 
to decisions.
Examples of systems that are being developed to address this issue include Boujut’s (2003) 
development of a methodology for user-defined annotations to enable greater co­
ordination and shared understanding in design teams. This work considers annotations as 
complex and composite elements that play a central role in design co-operation and
17 Quality Function Deployment (QFD) transforms customer needs into engineering characteristics o f a product or 
service, prioritizing each product/service characteristic while simultaneously setting development targets for product or 
service development (Akao 1990)
18 Failure Mode and Effects Analysis (FMEA) is a risk assessment technique for systematically identifying potential 
failures in a system or a process developed by the US military in 1949.
(http://en.wikipedia.org/wiki/Failure mode and effects analysis [Accessed on 17/07/2007])
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propose an annotation methodology to promote a visible side of the informal transactions 
in design processes. Zaychick and Regli (2003) propose a system that captures 
communication and context in the software project lifecycle. The system referred to as 
Codelink is a design rationale support tool, integrating e-mail-based collaboration with 
the software development process, providing teams of developers with a means to 
automatically associate specific code elements with informal e-mail messages. The 
resulting email repositories are then intended to be used to facilitate software maintenance 
and extract design rationale.
4.6 Related design research projects and prototypes
Having considered research in engineering information management systems at a broader 
level, this chapter concludes with the discussion of a selection o f recent research projects 
that are most closely related to this research. For each case, the relevance to this research 
is stated.
4.6.1 COSECO project
COSECO (Weis et al, 2003) also referred to as Pinngate, is part of a project that employs 
the use o f a knowledge database containing descriptions of design methods and solutions 
that isolate subsections of knowledge depending the user and the way the knowledge base 
is used. The system isolates knowledge for groups sharing interests, such as a community 
o f practice, which is combined with keywords used in search queries to provide user and 
usage related search results.
This is an example of a system providing personalised information, based on a predefined 
profile o f the user’s information needs. In this case, 3 elements of the computer user are 
used to form the profile: the progress of a process used, the type of user and the user’s 
aim. When information is searched for there are rules in place that restrict the search space 
depending on the profile. In this system the profile can be manually altered with the use of 
templates describing generic roles or the change in progress of a process. The system does 
not incorporate push-based functionality as the user always instigates the use of 
information. However, it does relate to this research in the sense that it involves methods 
for personalising the information retrieved.
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4.6.2 Hybrid, agent-based decision support for design problems
A hybrid agent based system for decision support is being investigated (Xuan and Zha 
2003) where support is provided by an agent-based system that uses a predefined 
representation o f decision problems to select relevant information. Metrics defining the 
design problem are entered and the system provides support information such as the 
relevant manufacturing capabilities, etc.
This system is related to this research as it uses artificial intelligence in the provision of 
information to the designer. Here, for example, the designer may be shown information 
relating to the relevant manufacturing constraints for a given design based on a description 
o f its form. So in this case, the artificial intelligence, and not only the user, is using a 
modelled representation of the design to provide further information and define the 
design problem more fully.
4.6.3 ID E A  Project
IDEA (Information for Design Engineering in Aerospace) is an information classification 
and search approach designed to combine the benefits o f free-text directed searching and 
category browsing for accessing documents from electronic company repositories (Lowe 
2002). The approach employs faceted, automatic classification principles and a hybrid 
search browsing approach called Adaptive Concept Match (ACM). This approach allows 
multiple ‘facets’ of a query to be included in a single search increasing the power of the 
algorithm and is being actively used in the aerospace industry.
Although purely a retrieval system, this research is relevant as it uses a short history of user 
actions to describe the search query which in effect personalise the search space to the 
user and the query.
4.7 Overview
The following areas have been covered in this chapter.
• The types and sources of information have been considered with examples of 
typologies for engineering information. The concepts o f formal and informal 
information in engineering have also been introduced.
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• Studies on the characteristics o f information use looking at issues such as search 
and retrieval effort and the triggers for information searches have been discussed.
•  Contemporary information management issues and systems research has been 
reviewed. Also, a number of related research projects that share commonalities 
with this research have been reviewed.
4.8 Conclusions
This review has highlighted some general characteristics o f information use in engineering 
design. In particular, the findings from the design studies reviewed indicate that 
information management activities, particularly information retrieval, constitute a 
significant amount o f project effort, particularly in the embodiment and detailed phases of 
design. It is also clear from recent studies that time spent managing information is 
increasing as design activities become more information intensive with complex designs.
From the context o f this research, the review has also highlighted a number of areas where 
push technology may be o f benefit and in some scenarios a number of reasons why it may 
of value over conventional approaches. The main findings in this regard are summarised 
below:
• The review o f problems faced by novice designers indicate that push technologies 
may be beneficial for supporting the delivery o f information that designers are not 
aware exists or are not aware that such information should be referred to.
•  In cases where communication between designers is poor as a result of 
geographically dispersed project teams or in situations where not enough 
information is being exchanged between isolated groups, push may be beneficially 
used to increase this exchange without additional search effort on behalf of the 
user.
•  The importance o f information reuse, a natural requirement in the development of 
new designs, highlights a potentially useful role for information push in providing 
previous related design information. Furthermore, push technologies may be 
suited to work environments where the subject o f work is fully defined with the
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aid o f product and process modelling techniques; allowing automated systems to 
more easily identify a subset of relevant information.
Finally, a discussion of the new information management systems being developed in 
engineering shows a diverse range of solutions and approaches to supporting information 
management in engineering design. Indeed, a number o f closely related approaches have 
been identified indicating that the benefits of push-related technology are well recognised 
in the research community. In conclusion, it is thought that these benefits may continue to 




PUSH-BASED STRATEGIES IN DESIGN 
INFORMATION MANAGEMENT
In this chapter, the topics of design information management and 
information push are brought together with the discussion of a number of 
possible applications of push in engineering design. This set of approaches is 
the result of the author’s exploration and analysis o f the relevant literature and 
state of the art
Eight individual approaches are presented in total. The approaches discussed 
are associated with supporting engineering tasks including Computer-Aided- 
Design, report writing and information searching by providing information 
that is timely or relevant to the task being undertaken or the design engineer’s 
information preferences.
It should be noted that not all o f the approaches outlined have been followed 
up with a full, in-depth investigation; the primary objective of the work 
conducted in developing these approaches was to identify a wide range of 
possible research avenues so that a subset of the more interesting areas could 
be selected for further research19.
19 However, the approaches not given further attention within the scope o f this project may be areas worthy of future 
research.
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5.1 Overview of approaches
The numbered list below shows the approaches discussed in subsequent sections:
1. Context sensitive assistance in CAD.
2. Cognitive filtering of design information.
3. Typed text as implicit interest indicator for autonomous retrieval.
4. Web usage as implicit interest indicator for autonomous retrieval.
5. Semi-automatic referencing whilst report writing.
6. Semi-automatic referencing in CAD.
7. Document referencing for user-centric collaborative recommendations.
8. Document referencing for item-centric collaborative recommendations.
The first two approaches presented are fairly simple examples but serve well to illustrate 
the two principal modes of information push defined by the author’s model in Chapter 1: 
approach (1) refers to a task or context-centred approach to information push and 
approach (2) refers to a mode of push involving personalisation. Approaches (3) and (4) 
provide more advanced examples o f task or context-centred push, which involve the 
automated processing of information being created or read and agent technology for the 
retrieval and presentation of relevant information. The remaining examples are inter­
related and utilise data associated with the electronic information referred to during 
working routines to form relationships between information items; approaches (5)-(8) are 
examples more closely related to task or context-centred push although there are elements 
involving personalisation.
5.2 Detailed review of approaches
Each of the following sections contains a summary o f the approach, an outline o f the 
method involved and a discussion of the possible benefits and limitations. Some o f the 
approaches are similar to other general approaches discussed in the literature and have 
been adapted or discussed in the context o f engineering design. Where a similarity exists 
between an approach discussed in the literature, this is stated (applies to approaches 1-4).
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The remaining approaches are a result o f the author’s personal undertaking and represent 
a novel contribution in this work (applies to approaches 5-8).
5.2.1 Context sensitive assistance in C A D
Summary: Mechanical design carried out on a CAD workstation is supported with context 
sensitive assistance in the form of design reference material.
Method:
•  A software prototype is used to capture menu selections and commands that are 
used to add design features to the CAD model or drawing, e.g. bores, chamfers, 
draft angles, screw threads, standard components, tolerances, geometrical 
tolerances, surface finishes, hardness specifications, etc.
•  The log o f menu selections and commands is used to form a profile describing 
current activities.
•  Where related reference material exists in the form of engineering standards or 
company standards that relate to a design feature added to a CAD model or 
drawing, show this material at the time of feature creation.
•  The facility to add or remove associations between reference material and the 
execution of menu selections/commands is possible to maintain and customise 
the push service to the requirements of the user or company.
Discussion: This simple rule-based method of linking reference material to the execution of 
design features in CAD packages may help to raise awareness of information that should 
be referred to whilst adding design features. Such an approach may be particularly useful 
for novice designers learning the internal and external sources o f reference material 
typically required in the decision making process. A similar approach for providing best 
practice information for durability analysis has been developed by Du (2002).
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5.2 .2  Cognitive filtering of design information
Summary: Newly created information in an engineering firm is delivered to users where 
there is a correlation between the user’s preferences for information and the content of 
newly created documents.
Method:
• All users state their preferences for information and these are stored in user
profiles which define categories or information topics of interest.
• The user profiles contain the following information in addition to information
topic preferences: profession, current project, position in project team hierarchy
and role in engineering product and process.
• When new information is published to a repository a summary of its content and 
context, e.g. Lowe (2002) is used to make a multi-faceted classification20. The 
classifications include the author, type of document, project, role in product and 
process. The information to be incorporated in the approach may take various 
forms (e.g. formal, informal, structured, unstructured) and may also vary in type 
(e.g. report, CAD model, specification or form of correspondence).
• A syndication technology is used to deliver relevant, newly published information, 
to designers where there are matching elements in the profile of the user and 
multi-faceted classification of the information.
Discussion: The objective in this approach is to improve the communication of work 
between members of an engineering project team or community. It is anticipated that the 
benefits of this approach are exploited most when cohesion of team or community 
members is difficult because of geographical spread or cross functional communities of 
practice.
20 Definition o f a multi-faceted classification taken from Adiuri Website: “A faceted classification differs from the 
traditional classification in that it does not assign fixed slots to each resource being referenced. Information is tagged 
against multiple facets (or attributes), which are themselves organised into hierarchical trees.” 
fattp ://www.adiuri.com/facet.htm. [Accessed: 17-07-07])
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5.2.3 Typed text as implicit interest indicator for autonomous retrieval
Summary: An editor of a technical report is provided with links to information in other
documents containing similar textual content to the text which has recendy been typed.
Method:
• A software prototype is used to capture recendy typed text in a word processing 
application.
• The recendy typed text is evaluated and (optionally) pre-processed to identify 
words that might best describe the meaning o f the sentence, paragraph or 
document being written. They could be words inside a tide or abstract o f the 
document or be words that are unusual and more likely to be unique to that 
document
•  The words extracted are used to form a keyword query similar in nature to an 
Internet search engine query.
• A technology possibly multi-agent is used to carry out simultaneous searches of 
repositories for documents with a similar content. The searches are carried out on 
repositories that are local, networked or Internet-based, e.g. local email 
repositories or formal document repositories on the local network.
• Links to similar documents are shown to the user on a secondary display to avoid 
interfering with the current editing task The search results are updated to reflect 
changes to the document as it is being written.
Discussion: This form of activity profiling has been covered in the literature quite 
extensively. The most notable work has been the Remembrance Agent project (Rhodes 
1996) carried out at the MIT. The main focus here was applying the method to emails in 
general corporate environments. It is anticipated that this approach would be beneficial in 
design engineering environments where a lot o f structured and unstructured text-based 
information is generated. Such an approach may provide a computer user with a greater
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awareness of supporting contextual information in the generation o f new text-based 
documents or emails.
5.2.4 Web usage as implicit interest indicator for autonomous retrieval
Summary: A user browsing intranet or Internet web pages is shown links to information in 
other documents containing similar textual content to text in the current browser window.
Method:
• A software prototype is used to capture the text on a web page and extract or 
identify words that describe the content or semantics of the document. Again, they 
could be words inside a title or abstract of the document or be words that are 
unusual and more likely to be unique to that document.
•  The words extracted are used to form a keyword query similar in nature to an 
Internet search engine query.
• A technology possibly multi-agent is used to carry out simultaneous searches of 
repositories for documents with a similar content. The searches are carried out on 
repositories that are local, networked or Internet-based, e.g. local email 
repositories or formal document repositories on the local network.
• Information references or links to similar documents are shown to the user on a 
secondary display away from the page being currently browsed. The search results 
are updated when a new web page is navigated.
Discussion: This approach is the similar in nature to the previous approach, and again, 
related approaches are discussed in the literature (Rhodes and Maes 2000). The expected 
application of this approach is more likely to be oriented towards aiding the computer user 
in search processes and associated with supporting the creation of new information or 
documents.
5.2.5 Semi-automatic referencing whilst report writing
Summary: A reader or editor of a technical report is shown links to information referred to 
during the creation of that document.
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Method:
• During the creation or revision o f a technical report, a software prototype is used 
to capture the following data when the author has referred to information 
contained in local files, intranet or Internet pages, i.e. in parallel with the document 
editing, such as:
o  Machine name and path for references to information contained in local 
files.
o  Uniform Resource Locator (URL) for information contained in 
intranet/Internet pages.
o  Time of access to an information reference.
o  The current editing position o f document being written, e.g. current 
document section.
• When the technical writing session has finished the log of information references 
is reviewed by the author and appended to the document meta-data in some way.
• When the document is re-opened for reading or editing the information references 
made in the original preparation o f the document are available to the reader or 
author.
•  The information references are shown alongside the section of the document 
where the information reference was originally made.
Discussion: The emphasis in this approach is to aid in the capture of the designer’s 
rationale in decision making. This is essentially achieved by the designer allowing their 
references to other information to be captured during the creation of technical reports or 
specifications. It is envisaged that these sorts of documents would hold more value to 
colleagues who might find clues about the thinking and rationale from analysis o f the 
information that was referred to. Note that this approach is dependent on authors 
referring to electronically-stored information and not paper-based documents.
5-7
P u s h - b a s e d  s t r a t e g i e s  i n d e s i g n  i n f o r m a t i o n  m a n a g e m e n t
5.2.6 Semi-automatic referencing in C A D
Summary: An engineering designer working on a CAD model is shown links to the 
information referred to during the creation or modification of design features or 
components of the model.
Method:
• During the creation o f features or assembly of components in CAD, a software 
prototype is used to capture the following data when the author has referred to 
information contained in local files, intranet or Internet pages, e.g. the supplier 
data, standards, design guides, and other reference material used in parallel with 
the CAD modelling, such as:
O Machine name and path for references to information contained in local 
files.
o  Uniform Resource Locator (URL) for information contained in intranet or 
Internet pages.
o Time of access to information reference.
o The current features being worked on (in part creation) or the current 
components being assembled.
•  When the CAD session has finished the log of information references is reviewed 
by the designer and stored alongside other model data.
• When the CAD model is reopened for examination or changes the information 
references made in the original preparation o f the model are available to the 
current user.
• When a feature or component is selected the historical record o f information 
referred to during the creation or modification o f that element are shown.
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Discussion: Again, the emphasis is on improving the traceability of design rationale. The 
most notable benefits o f this approach are the possibilities for linking CAD model data 
with product, supplier, company and standards’ documentation with litde or no effort 
required on behalf of the computer user.
5.2.7 Document references for user-centric collaborative recommendations
Summary: A group of computer users in an engineering project team or company agree to
let their document browsing records be used to infer relevance between documents in the
firm’s document repository. Relevance is inferred between documents used in the same
circumstances.
Method:
• Time stamped document browsing records are logged for computer users in an 
engineering project team or company.
• Relevance between documents in a user’s browsing history is inferred between any 
pair of documents that have been accessed in succession or in a close period of 
time. The relevance is inferred because of the likelihood of the documents both 
being related to the users’ interest at that time.
• The browsing history of a user is compared with other browsing records in the 
group to push information to the user in one of the following ways:
O In the first case, links to relevant documents are provided by searching for 
the document most recendy browsed in other user’s browsing histories; 
providing links to documents in line with the short term information 
requirements o f the user.
o  In the second case, links to documents are provided by searching for 
documents that are frequently browsed by the user in other browsing 
histories; providing links to documents in line with the long term 
information preferences of the user.
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Discussion: This approach is related to conventional collaborative filtering approaches but 
involves an implicit assessment of relevance between documents based on the 
combinations o f documents used in previous circumstances. An assumption is made that 
the relevance between documents is a characteristic which is interpreted in the same way 
for different users.
5.2.8 Document references for item-centric collaborative recommendations 
Summary: Information references contained in the meta-data o f documents (see section 
5.2.5) is compared with the information references in other documents and user browsing 
records (see section 5.2.7) to provide relevant information to a user working on the 
document or CAD model.
Method:
• When working on a document or CAD model, a recent reference to an electronic 
item of information is searched for in the meta-data of documents and in user 
browsing records.
• If an information reference is found in the meta-data of another document then a 
link to this document is shown.
• If  the information reference is found in other user browsing records then links are 
provided to the related documents previously used in conjunction with the current 
document
Discussion: This approach is similar in nature to the previous approach but with greater 
emphasis on task related information needs. The primary goal in this approach is to enable 
a greater amount of historical information associated with the origin and subsequent 
‘evolution’ o f designs or concepts be provided.
5.3 Conclusions
The approaches discussed illustrate a number of ways that information push may be 
utilised in engineering design from applications where specific, task-centred information is 
delivered to applications where more general, personalised information is delivered.
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In some cases there is no reason why the individual approaches specified could not be 
combined in various ways to improve the accuracy and relevance o f recommendations to 
the user. For example, personalised recommendations identified from automatically 
captured document references (approach 7) may by additionally filtered using a user’s 
interest profile (approach 2) before being suggested as a relevant link. Such a combination 
may enable document relevance specific to the user to be assessed more accurately. 
Alternatively, approach (8), involved with delivering task-centred recommendations from 
automatically captured document references may be combined with approaches (3) and (4) 
to enable more accurate assessments o f content relevance.
Overall, from the perspective of this research, approaches (l)-(4) offer less interesting 
research avenues as the same or similar approaches have already been investigated in the 
literature. Approaches (5)-(8) are o f much greater interest because they are more closely 
related to task-centred push, which may have greater relevance in design settings because 
of the task-driven nature o f design engineering work. Furthermore, in the authors view 
they represent a novel set of strategies for information push and an investigation into the 
benefits and practicalities associated with utilising such approaches make for interesting 
further research. The results from this work are carried forward in the next chapter where 
the latter approaches are developed into an overall methodology to be evaluated and 
investigated in more detail.
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Chapter 6
AN ACTIVITY PROFILING 
METHODOLOGY SUPPORTING PUSH
In this chapter further attention is given to some of the push strategies 
discussed previously. In particular, consideration is given to ‘contextual 
elements’ associated with computing tasks that allow for the construction of 
design activity profiles. It is shown how these profiles may provide automated 
systems with the evidence or basis for recommendations. The ideas presented 
primarily relate to approaches (5)-(8) in the previous chapter which involved 
the automated referencing of related information. Two new concepts are 
introduced in the development of the author’s ideas relating to the nature of 
context in knowledge work and the lifecycle of information. In the central part of 
the chapter, these ideas are combined in order that some conjecture can be 
made on how the capture of such contextual factors may provide a more 
complete specification for the lifecycle of a given item of information and, 
furthermore, how they can usefully be exploited by automated systems to 
provide recommendations. These ideas form a key novel contribution made 
in this work. In the latter part of the chapter, a discussion o f how these ideas 
may be most effectively validated is presented. This aspect is the main area of 
concern in the third part of this thesis.
6.1 Various views on the nature of context
In the literature review, a certain amount o f work was discussed which referred to context- 
sensitive or context-aware systems. Responding to ‘context’ is certainly a feature o f some 
approaches to information push discussed in the literature (e.g. Hernandez et al 2007; Jung 
2007), and it is also thought to be of particular relevance to this research. In this section, 
an explorative discussion of the meaning o f context is provided. Initially context is 
considered from a broad, general perspective. The discussion here includes some output 
and findings reported by the author in a related document (Campbell and McAlpine 2006)
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based on a workshop held with the sponsoring company Airbus at the University of Bath, 
aimed specifically at developing a collaborative view in this area. Context is then discussed 
in relation to knowledge work and computing tasks. A number of contextual factors in 
computing tasks identified by the author are also presented.
6.1.1 General views of context
One dictionary definition of context defines the term as something which surrounds an 
event to describe it:
‘The circumstances in which an event occurs; a setting. ” 21
This is an example of an open-ended, general interpretation. An alternative view is 
provided by Ranganathan’s Colon Classification (1965). Although, the classification 
scheme itself was not specifically created for the purpose of defining context, it provides a 
useful list of possible elements for consideration. The five fundamental facets in 
Ranganathan’s Colon Classification are defined below.
• Personality - what the object is primarily about; this is considered the ‘main facet’.
• Matter - the material of the object.
• Energy - the processes or activities that take place in relation to the object.
• Space - where the process or activities happen or where the object exists.
• Time - when the process, activity or object occurs.
Using this approach, it is intended that any person, entity or thing can be represented 
using these five facets. Rangathanan intended that all of the facets do not need to be 
represented and each can be used any number of times. It is the author’s view that such a 
classification scheme does provide a useful framework for articulating a general definition 
of context because the facets themselves are also quite general and non-restricting in
21 Dictionary definition o f context dted from: The American Heritage® Dictionary of the English Language, Fourth 
Edition. Houghton Mifflin Company, 2004. (http://www.yourdictionary.com/ahd/search [Accessed 20/03/2006])
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nature. An alternative, equally general perspective of context can be formed using the 
famous 6 questions from Rudyard Kipling (Kipling 1902) which are often cited in the 
following rhyme:
“I  keep six honest serving men (They taught me all I  knew). Their names are what and 
why and when and how and where and who. ”
It is the author’s view that these questions are also valuable descriptors for handling 
context. In most cases there is a close relationship or mapping with Ranganathan’s 
fundamental facets, e.g. ‘personality’ and ‘who’, ‘matter’ and Svhat’, ‘where’ and ‘space’, 
‘when’ and ‘time’.
6.1.2 Linguistic view of context
Among other dictionary definitions, a prominent concept found in interpretations of 
‘context’ involve a linguistic element:
". ..discourse that surrounds a language unit and helps to determine its interpretation. ”
22
“.. .the parts of a written or spoken statement that precede orfollow a specific word or 
passage, usually influencing its meaning or effect. ” 23
The main feature of these linguistic definitions is that context allows meaning to be 
extracted from a passage of text and, more specifically, that context may be added by 
surrounding existing data or information with further information. This linguistic view of 
context is closely related to distinctions made between data and information in some 
studies o f data, information and knowledge as reviewed in Chapter 1. Howard (2006) 
represents this relationship with the schematic illustrated in Figure 6-1. In this framework, 
information is constructed from data but can only be classified as information if it is
22 Dictionary definition o f context cited from: WordNet® 2.1. Princeton University. 20 Mar. 2007.
< http://wordnet.princeton.edu/>.
23 Dictionary definition of context cited from: Dictionary.com Unabridged (v 1.1). Random House, Inc. 20 Mar. 2007. 
<Dictionary.com http://dictionary.reference.com/browse/context>.
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surrounded with enough other data or information so that meaning can be extracted from 
it.
6.1.3 Context in knowledge work
In this thesis, the issue of context in knowledge work is addressed from the general 
perspective of the knowledge worker (Drucker 1959) who is involved in a variety of 
information handling tasks. It is proposed that some important parts o f a knowledge 
worker’s ‘context’ relate to their intentions and motivations and, ultimately, the outcomes 
from a given activity. Finding ways in which computing system s can interpret and 
respond to these aspects is the prim ary subject o f this research.
Clearly, a complete specification o f these contextual aspects is not easily achievable 
without some form of dialogue between the knowledge worker and a computing system 
about their activity. However, an interesting question pertinent to the objectives in the 
research24 is whether a partial specification of these aspects can be achieved utilizing implicit 
evidence that is evident from a knowledge worker’s surrounding environment, interactions 
with information and other events relating to user actions. The aspect under investigation 
in the remainder o f this chapter relates to the implicit capture of valuable, reusable records 
relating to the context in which knowledge workers interact with the information they use.
6.2 An investigation into activity profiling for the capture of context 
elements in computing tasks
In this section, the initial work conducted in the development of an Activity Profiling 
Methodology (APM) for design tasks is discussed. The APM was developed as the result of 





Figure 6-1: Conceptual view o f the role o f context in the study 
of data information and knowledge. Howard (2006)
24 A primary objective is the development of systems that can utilise representations o f the current context to provide 
recommendations.
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tasks specifically those helpful in generating a snapshot of a computer user’s context in a 
given activity.
The following subsections guide the reader through some o f the more important aspects 
of the investigation leading to the development of the methodology (other aspects 
including the development of initial prototypes and preliminary experiments are reported 
in Appendix B). In section 6.2.1 some background information relating to the objectives 
of the investigation are presented. In section 6.2.2, details on the specific engineering- 
related computing tasks chosen for assessment are provided. Then, in section 6.2.3, details 
on the potential constituents o f activity profiles identified within these tasks are discussed.
6.2.1 Background to the investigation into contextual elements
The approach adopted in the investigation was to systematically assess the characteristics 
of computer-based design activities to fine levels of granularity to gain an understanding of 
the potential constituents of activity profiles. The results of the assessment are an 
extension of the review of the profile constituents used by existing technologies dealt with 
in Chapter 3. However, this investigation involved the author’s assessment of the 
potentially useful elements, particularly in relation to design tasks. Specifically, the aims of 
this study were:
• To investigate information that can be extracted from aspects of computer-based design 
sessions that may provide useful and useable information about the design task 
being carried out. In particular, the evaluation of all elements o f the human- 
computer interface with respect to their usefulness in: (i) determining the current 
goals of a designer; and (ii) providing a description o f events that can be stored 
and reused for reference in similar future design scenarios.
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• To investigate methods for recording transactions in computer-based applications that
are frequently used in the embodiment and detail phases of the design process. In 
particular, methods involving the recording of the order and timing of access to 
information used in decision-making processes in parallel with the creation of 
formal design documents, e.g. in word processor documents, spreadsheets and 
CAD.
6.2.2 Computing tasks chosen for investigation
Four types of activity were identified for assessment: CAD, technical writing, electronic 
correspondence, e.g. email, and the searching and browsing of electronic media. These 
four tasks were chosen for investigation for the following reasons:
• They are computing tasks that involve the handling of formal or informal design
information.
• They are computing tasks that play an important role in the development of
engineering designs. CAD and technical writing tasks have a fundamental 
importance as core design tasks in a number of stages of the design process. 








D e ta i l e d





Supporting computer-based design activities
Figure 6-2: Illustration of the computing activities supporting the 
design process under investigation.
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design team members were also aspects of importance noted in various academic 
studies reported in the literature review (e.g. Lowe 2002; Troxler & Louche 2003)
•  They are computing tasks which, in the author’s view, present themselves with
opportunities for the extraction of contextual elements relating to the design 
situation.
The four supporting design activities chosen for investigation are shown diagrammatically 
in Figure 6-2.
6.2.3 Constituents and specification of activity profiles
In this section the possible constituents of activity profiles are discussed. In addition some 
coverage is also given on appropriate technologies for the capture o f such data.
The investigation resulted in the identification of a number of ‘profile elements’ as 
potential constituents of activity profiles. The ‘profile elements’ were defined as any 
extractable aspect o f the computing tasks under assessment, that could be captured 
implicitly through a software process without the user explaining actions and which could 
then be used or stored without hindrance to the user. Two broad categories o f profile 
element were identified:
• Implicit Indicatori25: profile elements that describe the interface actions carried out in
the current activity. This covers interactions with devices such as the mouse and 
keyboard. The aspects o f particular interest are user actions that provide an 
indication of their current interest or motivations.
• Information Context Indicators: profile elements that describe information that is used
or changed. This covers all uses and changes o f information occurring as a result 
of the objectives associated with the computing task. These aspects were 
considered to be useful because they define the associated supporting information 
or information context for a given purpose or objective as well as the information that 
might have been created or changed as a result or outcome of the task. The actual
25 Implicit indicators (Claypool et aL 2001) have been defined and studied by others, as discussed in the literature review
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element captured need not consist o f a duplicate of the information but a 
specification of where it is located.
Table 6-1 shows the key profile elements in these two categories.
An important consideration relates to how and when these elements can successfully be 
used to identify activity context since this may be largely dependent on the sort of task 
being undertaken. For example, in the task o f writing up research obtained from the 
Internet, the opening and closing o f word processor applications, the resizing o f windows 
and the execution of back and forward commands in a web browser may not provide a 
particularly good indication o f the context or purpose o f the task. However, the search 
terms and criteria entered or selected in a search engine, the location and content of web 
pages accessed and the text entered in applications provide an indication o f both the 
content and motivations associated with the task; effective filtering for only the useful 
elements represents a significant research challenge.
Profile Element type Profile Element description
Information Context 
Indicators
Files created, modified or destroyed
Location of file / web page in focus
Meta-data of file /  document in focus
Parse-able text from window in focus
CAD model construction sequence
Screenshots /  images occurring within the window in focus
Implicit Indicators Temporal aspects of document use to m easure interest
Window / application focus Mouse /  keyboard
Focus /  selections inside applications
Application start /  end
Menu selections
Keyboard command shortcuts Keyboard
Function keys
Text entry in dialogue box
Command text entered at command 
prompt
Table 6-1: Extractable profile elements for a range of 
computing tasks undertaken in the engineering design 
process
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Profile Element Software Technology
Parse-able onscreen Text 
(Web based)
IBM Web intermediary (WBI) (Barrett & Maglio 1999) for 
documents opened in web based browser
Document Metadata IBM Web intermediary (WBI), Microsoft Active Accessibility
URL Capture IBM Web intermediary (WBI)
Local / Networked 
document access & 
modification




Feature /  Object Creation CAD package APIs
Document Implicit Indicator 
(e.g. doc. browsing time)
Microsoft Active Accessibility
Typed Text Microsoft Active Accessibility
Command Shortcuts Microsoft Active Accessibility
Menu Selections Microsoft Active Accessibility
Table 6-2: Software technologies for capturing elements o f 
computing tasks
A further consideration relates to the technologies that can be used to capture these data 
consistently and without interruption or interference with the user’s tasks. This is 
particularly an issue for the profile elements associated with operating system events as a 
number of necessary capture functions are poorly supported within existing software. 
However, there are a number of technologies that enable the capture o f many of the 
elements identified. A range o f these technologies are listed in Table 6-2. In next chapter, 
these technologies are discussed further in a software prototype developed as part of the 
research.
6.3 Outline for a Novel Activity Profiling Methodology (APM)
The previous section identified the profile elements that may be used to help identify and 
capture the working context o f a computer user but then the question of how these can be 
usefully used in information push approaches comes to mind; more specifically, what 
method can be followed to exploit these representations of context to provide 
recommended information? This section briefly outlines the key functions and scope of an 
overall methodology developed by the author for accomplishing this before certain aspects 
are considered in further detail in sections 6.4 and 6.5.
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6.3.1 Key functions
The primary objective of the APM is to define a general method enabling the "push” of 
information contextually relevant to the user's current task by matching a computer generated description of 
the current design situation with similar historical contexts so that related information can be identified. 
The core components of this method can be summarised in two key functions which 
relate to the use o f activity profile data:
• The first function is the storage o f activity profile data so that the historical record
of information use and associated context can be used to ‘push’ information to 
future users whose current activity resembles a similar context.
•  The second function is the immediate use o f profile data, as it is captured, to
provide a representation of the current context which can be matched with 
previous historical contexts.
6.3.2 Scope
An important feature o f the APM is that it is intended to help provide evidence for how a 
given item of information has evolved as a result of the actions of workers in using, adding 
or refining it to meet their objectives. Accordingly, it is thought that the scope or 
appropriateness of the methodology includes domains where a core set of information is 
the subject o f usage, revision and refinement over time. In addition, working 
environments where a number o f persons are involved in this process may be particularly 
appropriate so that a new user of an item of information can better understand its history 
and the way in which it had been used by others.
Engineering design is an obvious candidate domain because the characteristics o f design 
information use fit closely with the criteria stated above. For example, in the aerospace 
sector, where large, complex products are involved, the design lifecycles are long and the 
associated design information base is developed by a large number of people.
6.4 The APM in the context of the lifecycle of design information
In this section, the possible applications of the APM are given further attention with 
particular considerations relating to the lifecycle of design information. The objective is to
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identify the possible role of design activity profiles throughout the life of a given item of 
information as well as their role in the immediate context of a computer user’s activity.
6.4.1 Computing tasks supporting the lifecycle of design information 
One aspect considered in the assessment of computing tasks related to their role in
supporting a computer user in the handling, flow and support of electronic information 
over the life of a design. From the computing tasks investigated four supporting functions 
became particularly apparent:
1. Support for the acquisition or retrieval of information.
2. Support for the cognitive processing of information.
3. Support for the creation of new information.






























Read W eb Pages ✓ y
Searching y y
Technical writing
Creating Docs y y
Editing Docs y y
Electronic Correspondence
Reading Emails y y




Detailed design y y
Table 6-3: The role of the computing tasks investigated in 
supporting the handling, flow and support of electronic design 
information.
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Figure 6-3: General information lifecycle model (Treasury 
Board o f Canada Secretariat 2004)
These supporting functions are closely related to the elements of a construct often 
referred to in the literature as the “information lifecycle” or “lifecycle of information”; a 
number of general information lifecycles have been proposed (Kadowaki et al 1999; 
Borgman 1996; Treasury Board of Canada Secretariat 2004).
Table 6-3 shows how, in the author’s view and interpretation of these models, the 
computing activities defined support the computer user.
The lifecycle model proposed by the Treasury Board of Canada Secretariat 2004) is 
particularly suitable for further analysis of the APM; particularly in relation to design 
engineering activity. This model is shown diagrammatically in Figure 6-3. Two aspects of 
this model are of particular interest: the continuous recycling process shown by the loop 
(2,4,5) and the continuous addition and disposal of information from this loop shown by
(1,2,3).
As discussed earlier in the literature review, Pahl and Beitz (1984) distinguish between 3 
types of design process, original, adaptive and variant. It is possible to examine the role of 
the information lifecycle in the context of these types of design as long as a relatively 
simplified view of information inputs and outputs is assumed.
In the case of original design shown in Figure 6-5, it is proposed that information inputs 
primarily originate from the ad-hoc collection, creation and capture of information (1). 
The actual process of design is represented by the organisation of this information (2) 
facilitated by memory and knowledge of the designers. The information output (4) is 
typically embodied in computer-aided models of the design and other document types 
which form a formal, structured information-based representation of the design. Finally, 
all information about and contained within (1) and (2) that is not included in the formal
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rep resen ta tio n ]
O rg a n is e  
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know ledge!
Figure 6-5: Design information lifecycle in original design 
adapted from lifecycle provided by the Treasury Board of 
Canada Secretariat (2004)
representation may be disposed of or left in an unstructured form that is not readily reused 
(3). An obvious example in this respect is information regarding alternative design options 
considered but rejected in the final design, in the case that this information is omitted in 
design reports.
In adaptive or variant design (see Figure 6-4), which constitutes the majority of new 
designs (Pahl and Beitz, 1984), the starting point is an existing design principle which is 
adapted or varied to meet an alternate set of requirements. In this case, the information 
inputs are a combination of the formal representation of the existing design(s) (5) and 
additional information collected, created, received and captured by the designer (1). The 
information output (4) and information disposed (3) are the same as in the case of original 
design.
6.4.2 Impact of the activity profiling methodology on the design information lifecycle 
In this section the expected impact of the APM on this model is introduced. Figure 6-6 
shows two aspects of the design information lifecycle which might be improved; a reduced 
proportion of useful information that is disposed or forgotten (4) and more effective reuse 








[using  d e s ig n e rs ’ 
know ledge]
Dispose 




Use and disseminate 
[formal d esign  
rep resen ta tion ]
(3)
(4)
Figure 6-4: Design information lifecycle in adaptive & variant 
design adapted from lifecycle provided by the Treasury Board of 
Canada Secretariat (2004)
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Figure 6-6: Impact o f proposed methodology on the design 
information lifecycle adapted from lifecycle provided by the 
Treasury Board o f Canada Secretariat (2004)
activities (6).
In summary, it is hoped that a successful implementation of the APM would help to keep 
as much related information ‘within the loop’ including unstructured and informal 
information that may or may not be repeated in the formal description of the design.
However, a possible negative aspect may be that the resulting lifecycle contains a 
significantly greater proportion of repeated information, or redundant information which 
no longer holds any value26 or benefit to its users. The next section discusses the 
implications of this.
6.4.3 Possible negative effects associated with information overload 
The possible drawbacks of retaining more information than is necessary to sustain the 
resulting design in manufacture include the added cost of sustaining larger information 
archives and arguments relating to reduced efficiency resulting from either ‘information 
overload’ or becoming lost in too much information (Waddington 1997; Edmunds and 
Morris 2000).
However, information that is redundant for sustaining a design in manufacture may not be 
redundant for sustaining the evolution of that design. For example, information about a 
design feature that was considered but not included in an original design may be more
26 In the authors view, determining when information is no longer of value can be a difficult task in some cases because 
there is often the possibility that unforeseen future circumstances can increase the value of information that was 
previously thought of as being worthless or of little value.
(2 )
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6-14
A n  a c t i v i t y  p r o f i l i n g  m e t h o d o l o g y  f o r  s u p p o r t i n g
i n f o r m a t i o n  p u s h
suitable in an adapted configuration considered at a later point in time and so information 
about the feature is worth retaining.
In conclusion, the costs involved in allowing for redundancy must be compared with the 
possible added value to a design and its evolution resulting from the adoption of such an 
approach. On consideration of the problems associated with ‘information overload’, it is 
thought that the effective organisation and, possibly the use of artificial intelligence in the 
dissemination of information may go some way to alleviating this.
6.5 Further considerations for implementing the APM in design tasks
In this section a number of possible approaches for a practical implementation o f the 
APM in design tasks are proposed. In particular, in section 6.5.1, the way in which activity 
profile data may be stored and organised so that they can be most effectively reused in 
future design tasks is discussed. In 6.5.2, an approach for retrieving recommended 
information is presented and, finally, in 6.5.3 a number of considerations relating to the 
presentation of recommended information are discussed.
6.5.1 Organisingprofile data
One possible approach to organising contextually related information defined by an 
activity profile may be to associate it with nodes or facets which provide a further 
definition of the activity being carried out. It should be noted that in taking this step the 
computer user becomes involved in the capture process and so the approach is no longer 
fully automatic. However, if the burden and disruption to activities is carefully managed 
there may be some justification in introducing this additional feature.
Three types of node have been identified as being useful in the computing tasks defined; 
nodes that associate information with: (l) the product; (if) the process; and (iii) a special 
interest group. A brief description o f the each node type is given here:
•  Product: associated with a category of product, sub-assembly or component
• Process: associated with the stage of the design process.
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Figure 6-8: Schematic representation o f design activities without 
any node associations
•  Interest Group: a topic of interest subscribed to by a number of people, e.g. topics 
o f interest to a community of practice.
Figure 6-8 shows a schematic representation o f a design activity without any node 
associations. The unstructured information inputs refer to the ad-hoc collection, creation 
retrieval and capture of information in the design information lifecycle. The formal 
information outputs refer to the structured information-based representation of the design 
resulting from the activity (discussed in section 6.4.1).
Figure 6-7 shows the same design activities with the node associations assigned by the 
user. Here the, unstructured information inputs, in the form of captured profile elements 
are assigned to relevant nodes.
As mentioned previously, the greatest barrier to implementing a system that enables these 
node connections is in the design of a system that does so without being of hindrance to 
the designer in their task. A semi-automated approach may be to allow the user to set 
‘active nodes’ for periods of time during the design session. During these periods all
Interest group 0
Process 0
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Figure 6-7: Schematic representation o f design activities with 
node associations
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Computer user optionally 
reviews and submits 
associated contextual 
information to nodes
Computer user selects “active 
nodes” and profile elements 
to capture
Design session
Optionally change “active” 
nodes and profile elements to 
capture if focus of session 
changes
Figure 6-9: Sequence o f actions for a designer assigning 
information references to active nodes
Information Context Indicator profile elements captured are associated with the nodes 
currently active. An important aspect for this strategy to be successful would be to allow 
the user to set and switch between active nodes and profile elements easily and quickly. 
Another important aspect would be to allow the user to review and modify the 
information that is to be submitted to a node at the end of or during the session in order 
to make the process completely transparent. Figure 6-9 shows a proposed sequence of 
actions using this approach.
There are further steps that could also be taken to maximke the usefulness of the resulting 
activity profile through the configuration of subsets of profile elements to be recorded to 
suit different types of activity. For example when editing a document, profile elements for 
recendy typed text and text parsed from web pages may be useful to capture. In the case 
of computer-aided-design profile elements capturing the order and timing of CAD 
component creation in parallel with the order and timing of information used may be 
considered to be more useful. Where groups of similar types of task are established, 
predefined configurations can then be developed to suit the activity.
6.5.2 Automatically retrieving recommended information
The design activity profiles allow for extra information to be preserved in the lifecycle. 
However, with a potentially much larger information base at the disposal of a designer it 
becomes more important to provide information that is relevant and timely depending on 
the current design situation. This section discusses one way in which relevant information 
stored in activity profiles might be automatically retrieved and presented to a computer 
user.
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After a period of time it is envisaged that, for the nodes that are being actively used by an 
individual or group, associated information repositories will be established. The 
information repositories will consist o f electronic references to indexed files and 
documents developed through the capture of relevant profile elements.
There are several possibilities for the exploitation of the information contained within 
activity profiles in circumstances where it might be needed. In the first case, an 
information repository generated using the methodology could be manually searched or 
queried by the computer user who has an information need related to the associated node. 
Alternatively, relevant and timely information could be presented to the computer user 
autonomously using knowledge o f the currently active node(s) and an interpretation o f the 
current information need based on profile elements captured in the design session.
A possible scenario of the autonomous approach is shown schematically in Figure 6-10. 
Initially, the profile elements captured in the current task are used, where possible, to form 
a query intended to describe the current information need o f the user (1). A search query 
for related information is then executed on the information base associated with the active 
node (2). Lastly, the user is notified or updated of possibly relevant information (3). To 
extend the example in more detail, the query could consist of a number of recently typed 
words, which is then executed on an indexed collection of documents that are associated 
with the currently active node.
6.5.3 Presenting recommended information
A usability consideration associated with the automatically recommended information, 
which is briefly given some consideration here, is the manner in which the computer user 
is alerted or presented with related information retrieved. Three possible modes of 
recommendation are proposed:
• Passive: A mode where there is no interruption to the user’s current task. The 
information delivered is presented to the user if the user decides to check whether 
any information has been found related to the current context of the activity.
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Contribution to a node’s information base by:
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® Team member 2
Figure 6-10: Author’s illustration of a possible scenario for the 
automated delivery o f timely information relevant to the current 
computing task
• Semi-passive: A mode where the user is alerted that new information has been 
found but in a way that is not intended to distract them from their current activity, 
e.g. through a sound signal or an icon appearing in the computer user’s taskbar.
• Alert: A mode where the method used to alert the user is intended to interrupt 
them from their current activity.
The most suitable mode of recommendation is likely to be dependent on factors such as 
the user’s preferences and a measure of how relevant or important the information is to 
the current activity.
6.6 Validation of the APM
The validation of various aspects of the proposed methodology described in this chapter is 
addressed in the third part of this thesis. In Chapter 7, a software prototype based on the 
accumulation of software development work and a number of experimental trials is 
discussed.
The main objective of the software development and testing was to assess the value of the 
methodology in design practice, addressing two key aspects in particular
1) The feasibility of implementing the required software infrastructure using existing 
capture and tracking technologies for the support of the methodology
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2) An appraisal of the value of the methodology to the individual, team and 
organisation taking into account aspects of the usability and the perceived and 
actual benefits of its use.
The work and testing is concentrated on a sub-set of aspects discussed within the APM 
framework with particular emphasis on:
1) Temporal indicators for predicting interest and utility of information and 
documents used (See Table 6-1).
2) Information context indicators that describe the supporting information used as 
well as the information created or edited in the design task (See Table 6-1).
6.7 Conclusions
In this chapter a methodology was presented for the automated profiling o f design 
activities. In addition some possible benefits to be accrued from the capture o f activity 
profiles were discussed. The discussion and studies have resulted in a number of open 
questions and issues which are the main areas of concern in the third part of this thesis, 
namely:-
•  To what extent can a computer user’s context be deduced without their 
intervention and which sorts of tasks are most compatible with this approach?
• Is it possible to identify and filter for the elements that have the most use in 
identifying the context of a design situation?
•  A possible approach was described associating activity profiles with parts of the 
design process, product and user interest groups. However, the question of how 
activity profiles should be stored and organised so that they can be used most 
effectively for supporting future design tasks requires further investigation.
•  Some possible beneficial aspects for improving the coherence and flow of 
information through its lifecycle were discussed. The primary proposition put 
forward was that, by profiling design activities, more detailed records of the design
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process, which embody to a greater extent the formal and informal information 
inputs in design tasks, can be achieved. However, a number of possible negative 
issues associated with information overload were identified.
• If  an automated system can assist with the provision o f contextually related 
information, in what way should this be delivered?
In the next chapter the development, implementation and initial testing of a software 
prototype for the investigation o f the above issues is presented.
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PART III
PART I: Toward autonom ous information support in knowledge-based
organisations
A unified overview of theory and technologies geared towards automated information support for 
computer users. This includes the critique of literature in IR, Al, HCI and other domains into a 
unique depiction of the field of study. The primary contribution is the Information Push Paradigm
Model (IPM).
Chapter 1
An introduction to 
Information Push
Chapter 2
A review of key research 
and technologies
Chapter 3
A study of systems in 
commerce and academia
PART II: Information Push in 
Engineering Design
The development of design information push 
strategies under the consideration of relevant 
issues in engineering design practice. The 
primary contribution is the Activity Profiling 
Methodology (APM) for task-centred 
information support in design.
Chapter 4
Managing electronic information in design 
engineering
Chapter 5
Push-based strategies in design 
information management
Chapter 6
An activity profiling methodology 
supporting push
PART III: Empirical stud ies on the 
potential applications of activity 
profiles
Empirical research involving a number of 
analyses of data captured during working 
sessions on computer. The primary 
contribution is the Bayesian Evaluation of 
Context Indicators (BCI) approach
Chapter 7
Cl FLEX II: A software prototype for the 
capture and exchange of contextual info.
Chapter 8
An approach for the Bayesian evaluation 
of context indicators
Chapter 9




CIFLEX: A SOFTWARE PROTOTYPE FOR 
THE CAPTURE AND EXCHANGE OF 
CONTEXTUAL INFORMATION
In this chapter, the requirements and design of a software prototype used to 
validate chosen aspects of the Activity "Profiling Methodology (APM) detailed in 
Chapter 6 is discussed. In Section 7.1 the scope and general purpose o f the 
prototype is outlined. Following this, a detailed review of the requirements 
and design of the software is given in sections 7.2 and 7.3 respectively. In 
particular, the requirements define the key areas of functionality required for 
the evaluation of aspects of the methodology developed. Section 7.3 describes 
the key interactions between components of the software. In the latter half of 
the chapter a number of sequence diagrams are used to illustrate the 
functionality of the software and the role of the computer user in the 
generation o f activity profiles. Finally, some screenshots of the 
implementation and a discussion o f some initial testing are provided. The 
software prototype discussed in this chapter is used in Chapters 8 and 9 where 
push-related functionality supported by the prototype is tested and validated 
further.
7.1 Scope of the CIFLEX software prototype
The CIFLEX prototype27 was designed to enable the capture and storage o f activity 
profile data for the evaluation of the APM and was the end result from the software 
development work undertaken during the course o f this research. The various 
components o f the prototype were developed and refined at various stages of the project 
in coordination with a number of tests and experiments in university and industry settings.
27 Acronym for the Contextual Information Filter and Exchange software prototype
7-1
C I F L E X :  A  s o f t w a r e  p r o t o t y p e  f o r  t h e  c a p t u r e  a n d
e x c h a n g e  o f  c o n t e x t u a l  i n f o r m a t i o n
In this section, an overview of the functionality and the scope of the software are 
presented.
Figure 7-1 illustrates the core functionality of the prototype. Essentially, it allows the 
information sources and events relating to user interface interactions to be extracted from 
computing tasks. The data extracted is written to a number of log files which form a 
permanent record or profile of the activities undertaken. In addition to the background 
event data captured, the prototype allows the computer user to annotate the data stored 
with details describing their current objectives or other task-related data.
The software prototype was designed to support a further feature allowing an information 
push approach developed by the author to be evaluated. This relates to the use of 
temporal indicators for the identification of document interest and contextual 
dependencies between documents, enabling recommendations for related information 
used in previous tasks to be made. This feature of the prototype is given full consideration 
in Chapters 8 and 9 where the testing and evaluation of the approach is discussed. 
However, some key elements of this functionality associated with the design of the 
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relevant information 
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Implicit Indicators




Figure 7-1: Overview of the functionality provided by the 
CIFLEX software prototype
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7.2 Functional requirements
Table 7-1 lists the key identified requirements for the design of the prototype.
1. The software prototype must capture the use of locally stored information and information 
accessed remotely via the Internet.
2. Where locally stored information is used in computing tasks, the software prototype should be 
able to:
•  Distinguish between whether information was accessed or edited.
• Record the date, time and a  reference to the information that was accessed or edited.
3. Where locally stored information is used in computing tasks, the user should be able to:
• Specify the root directories (and sub-directories if applicable) that the software 
monitors for file access, file creation and file modifications.
• Specify the types of file to be monitored by their extension (e.g. .txt, .doc).
4. The software prototype should be able to monitor the software applications commonly used to 
view or edit locally stored files and to identify when such applications are brought in and out of 
focus by the computer user.
5. The types of software application and system processes to be monitored for changes in 
activity should be configurable.
6. Where web-based documents are used in computing tasks, the software prototype should be 
able to:
• Record the date, time and a reference (URL) to the information that was accessed.
• Record the duration a  web page has been in view before either: a  new page is 
navigated to, or the browser is brought out of focus.
7. The software should enable the user to annotate the records captured with aspects such as 
the motivations behind their actions and the information they have used.
8. The software prototype should be able to associate viewing or editing time (as implicit 
indicators of interest or utility) with the information sources used in computing tasks to predict, 
without additional user input:
• Contextual dependencies between separate items of information used in the sam e 
computing tasks.
•  The predicted strength or significance of these dependencies.
9. The software prototype should be able to create a  permanent record of:
• All information use and user interface actions captured.
• The contextual dependencies predicted.
10. The software prototype should be able to identify any contextual dependencies stored from 
previous tasks that are associated with information that is in use in the current task to:
•  Recommend or notify the user of the contextually related information.
•  Provide or allow the user with a  mechanism to access or retrieve that information.
11. Recommended information should be configurable so that the user can specify whether and 
for how long notifications should appear on the computer screen.
12. The components capturing data associated with the computing task should be easily 
accessible from the user interface so that they can be configured, enabled or disabled easily.
Table 7-1: A list of functional requirements o f the prototype for 
evaluation o f the APM
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7.3 Architecture design
Figure 7-2 shows a component interaction diagram which illustrates the architecture of the 
software prototype. The computing interface layer identifies the significant user interactions 
and other events. More specifically, this layer defines the interactions captured by the 
prototype, the inputs and actions requested of the user by the software and also the 
outputs of the software, i.e. recommendations. The core components layer defines the 
components used to organise, view and make recommendations from the data collected. 
Finally, the data storage layer defines the primary data repositories28 generated from use of 
the software. The activity profile repository contains the raw data collected and the 
document dependency repository contains the document dependencies that form the basis 
of recommendations to the user. In the following sections the individual components are 
discussed in more detail.
C om puting





















D ata sto ra g e / 
a ccess la yer
Activity profiles Document dependencies
Figure 7-2: Component interaction diagram, illustrating the key 
component o f the CIFLEX software prototype
28 The software prototype stored all data in delimited text files. Although a proprietary database would have been a more 
preferable option, prerequisite software and the overall footprint o f the installation had to be minimised to allow 
software testing on the workstations o f industrial partners to be conducted.
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7.3.1 C IF L E X  control centre component
The C IFLEX control centre component provides the graphical user interface enabling the 
initialisation and configuration of all aspects of the software. In addition, this component 
allows the user to specify detail(s) o f the tasks they are currendy undertaking. These are 
optional, manually input textual descriptions o f the task being undertaken which are stored 
with other automatically captured, activity profile data. For further information on these 
aspects, see the user reference guide in Appendix C.
7.3.2 Data capture components
Data capture is governed by three components of the prototype:
• The application usage watcher component captures data relating to the applications open 
or in focus.
• The file system watcher component captures data related to page navigation events in a 
proprietary web browser.
• The web usage watcher component captures data on the access, creation or 
manipulation of local files.
The data attributes captured automatically for each component include a time stamp 
reference and a number of event descriptors. A different set o f data attributes is captured 
depending on the nature of the event. For example, when a new application is initialised, 
the application title and name is captured. Similarly, the web page title and URL are 
captured in response to page navigation events occurring in the web browser and the 
name and location o f local files are captured in response to local file changes; the user is 
able to define the root folders to be monitored by this component
In addition, these components allow the user to annotate the automatically captured data 
with configurable selections that provide additional or confirmatory information about the 
actions undertaken. In particular, the user is able to provide an interest metric/rating 
between 1 and 5 for gauging their personal interest in the subject matter or alternatively a 
utility metric/rating for gauging the usefulness of the subject matter in the context of the
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Figure 7-3: Illustration o f prototype data capture in response to operating 
system or application triggered events
current task. The user is also able to provide additional information about the software 
applications being used in current task. For example the user may annotate that they are 
using a spreadsheet application to obtain data, or a word processing application to edit a 
document. This feature of the software was primarily used for the validation of implicitly 
derived assessments of document interest and contextually related items of information. 
This aspect is discussed in greater detail in Chapter 9. Figure 7-3 shows a summary of the 
system events and the associated data captured.
7.3.3 Other Components
The other components of the architecture presented in Figure 7-2 are discussed below.
The activity profile viewer component (see
• Figure 7-4) allows a computer user to review a summary of the computer interface 
activity and the documents used. Essentially the component displays a form with a 
time line drawn on the horizontal axis, covering the period from the start to the 
end of the session. Document use and application use are then indicated 
graphically, in chart form, beneath the timeline. All user sessions stored by the 
software prototype can be navigated.
•  The dependency assignment component provides a semi automated mechanism for the 
assignment of dependencies between contextually related documents. This 
component utilises an approach for the evaluation of contextually related 
information, based on the implicit data captured. The discussion and validation of
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Figure 7-4: Screenshot o f the profile viewer component
the approach is addressed fully in Chapter 8 and 9. Dependency assignment can be 
initiated at any stage of the computing session and is initiated by the computer 
user.
• The task monitoring component is provided with a reference to any existing documents 
accessed by the computer user during their working session. The task monitoring 
component then searches for any associated document dependencies previously 
assigned and stored. References to any associated documents defined by these 
dependencies are then forwarded to the C IFLEX notijier component so that they can 
be presented to the computer user as recommendations for contextually related 
information
• The C IF LE X  notijier component provides mechanisms for the alerting, presentation 
and access to related documents recommended by the prototype. The user is 
alerted using a small notification window which is presented in the bottom right 
comer of the screen. The user can then select this window to open a larger form 
which defines the related documents and the associated tasks in which they had
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been used. The actual related documents can then also be opened from this 
dialogue.
7.4 Sequence diagrams
In this section the primary functional elements of the software are discussed in more detail 
with the aid of Unified Modelling Language (UML) sequence diagrams. These sequence 
diagrams help to show the flow of events or messages (from top to bottom) between the 
user and the individual components of the system. Three aspects are considered; in section
7.4.1 the sequence associated with the capture of profile data is discussed, in 7.4.2 the 
process whereby document dependencies29 are defined is explained and, in 7.4.3 the 
sequence of events involved in providing recommended information is also explained.
7.4.1 Capture of activity profile data
Figure 7-5 illustrates the sequence of events occurring in the capture of activity profile 
data. Initially the computer user starts up the software and provides a textual description 
of the task they are undertaking. This optional action is available to enable more detailed 
data records so that the user can assign a brief summary of the motivations and objectives 
for the current task.
Following this initial action, the watcher components make a record of data associated
Computer user
Initialise da ta  capture and  optionally 
 provide description o t task_____




File / application / 
w eb watcher 
component
File / application / w eb event
entry (if provided)
Store au to  captured data
R epeat tor any 
file / application / web 
events occurring in
Figure 7-5: Sequence diagram illustrating the auto- and user-captured 
_______________________ data________
29 i.e. dependencies which identify documents to be recommended
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with any file, application or web event - which will consist of a subset of the auto-captured 
data illustrated in Figure 7-3. Once this data has been written to the activity profile data 
store the user is provided with a passive notification in the bottom right corner of the 
screen indicating that the data has been recorded. At this stage the computer user can 
either ignore the notification and continue with their current task or, otherwise, select the 
notification, which remains on the screen for several seconds, to provide additional user- 
based annotations associated with the event.
The decision as to whether additional annotations are provided by the user is dependent 
on the motivations for using the prototype. The main purpose of the user-provided data 
within the context of the research was to aid in the evaluation of an automatic assessment
Com puter u ser
D ependency




com ponent sto re
1
Select e nd  session  m enu function
Display docum ent data
Select B ayesian classification of 
docum ent d e pendencies function button ,
Display a ssigned  dependencies
Retrieve docum ent da ta  
& associa ted  even t data
1 i R epea t for all docum ents
' use d  in the current session
Retrieve docum ent dependency  training data  •
"  I
R epea t for all docum ents pairs 
u se d  in the current session
Audit /  modify dependency function buttor
Display updated  dependency
R epeat foe all dependencies modified
Confirm dependencies
Confirm dependency  assignm ent com plete
Full details of this 
a sp ec t are  
p resen ted  in 
Chapter 8
U pdate dependency training data
Add new dependency
. 1 1
R epeat for all d ependencies assigned
Figure 7-6: Sequence diagram illustrating the process for 
assigning document dependencies.
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of document interest and contextually related information -  as described previously.
7.4.2 E nd of session audit of document dependencies
Figure 7-6 illustrates the semi-automated process in which dependencies are assigned to 
define contextual relationships between documents. This process would normally take 
place at the end of an ‘information intensive’ computing session where a variety of 
electronic documents have been used.
There are two ways in which any relevant dependencies can be assigned -  manually, based 
on the computer user’s judgement, or automatically, based on implicit evidence extracted 
from the design session. Greater detail on these approaches, particularly related to the 
automatic assessment of document dependencies, is given in the next chapter. However, 
in this section, the events associated with the use of the software are covered to provide a 
full review of its functionality.
Initially, the user selects a function button from the user interface to retrieve all document 
event data associated with the working session. The user can then select a further function 
button to perform a probabilistic evaluation of contextual document dependencies using 
implicit evidence based on: (i) event data associated with the task; (ii) training data
T ask  monitoring 
com ponent
D ocum ent 
d ep e n d en c ie s  data 
sto re
Ciflex notifier
R eference  to active 
docum ent
D ocum ent reference
Rela ted  docum ent references
S earch  for 
m atching 
records
R etrieve rela ted 
d ocum en ts  from 
m atching reco rds
C om puter u ser
R ela ted  docum ent references
D isplay docum en t references 
and  re la ted  information
U ser se lec tion  of rela ted  docum ent
O pen  docum ent
Figure 7-7: Sequence diagram illustrating the recommendation 
process
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extracted from previous manually defined relationships. The objectives of the evaluation 
are to identify the important or significant documents from those that were not important 
and also to identify contextually related groups o f documents.
Once the probabilistic or manual evaluation is complete the dependencies identified are 
presented to the user for them to confirm and audit Any manually modified dependencies 
identified by the user in the audit process are added to the training data to improve future 
accuracy of the probabilistic evaluation.
7.4.3 Recommendation of related documents
Figure 7-7 illustrates the sequence of events resulting in document recommendations 
being made by the software prototype. Initially, the task monitoring component is notified of 
the documents currendy in use by the computer user. The task monitoring component then 
performs a search for references to the same document in the records o f documents 
dependencies previously assigned or stored. The related documents defined in matching 
records are then forwarded to the C IFLEX notifier component via the task monitoring 
component and a notification is presented to the computer user stating that related 
documents exist elsewhere for the document currently being used. Once the notification is 
selected by the computer user, the related documents can be selected and opened if 
required.
7.5 Implementation
The software prototype was developed using a range o f programming languages which 
provided support for all the data capture functions required. More specifically, these 
languages enabled the capture of a range o f operating system events including those 
relating to the running of the software applications and file system events. In addition, 
these languages provided support for a programming interface to monitor events in a 
proprietary web browser.
Figure 7-8 shows various screenshots from the implementation. Full details of the 
functionality of the software prototype are provided in Appendix C, however a few key 
aspects are covered relating to the numbered items in the figure.
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Figure 7-8: Screen shots o f the software prototype
• Item 1 shows the main configuration screen which is accessed from the icon in the
task bar. From this screen the watcher components can be configured,
enabled/disabled.
•  Item 2  shows the main menu which is accessed by right clicking the blue icon in
the bottom right hand corner of the screen. Under normal operation, only the blue 
icon is visible allowing the computer user to undertake their activities while the 
software prototype captures data.
• Item 3 shows some examples of the notifications that appear either when a match
for recommended information is presented (red) or when the user is given the 
option to provide additional information relating to an event or action occurring 
in the current task (blue).
• Item 4 shows the main form for the user assisted process of defining contextual
dependencies between documents that have been used in the tasks undertaken by
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the computer user. This form is accessed from the main menu at the end o f the 
computer user’s session.
7.6 Preliminary testing and APM evaluation
In this section the analysis of data collected using the prototype from a detailed designer at 
a small-medium size engineering division of a local firm is presented. This was the first 
industry testing that was conducted using an early version of the software. The overall 
objective was to gather data from an industry setting in order to perform a number of 
analyses for an initial, tentative evaluation of some aspects of the APM.
The study was carried out over a 2-day period o f predominandy computer-based work. 
The work involved tasks relating to the end stages of the design of a harvester machine 
which, in summary, included the geometric modelling o f detailed design features and 
reference to a number o f local and remote information sources. The data captured during 
the investigation was a combination of auto-captured data and user-provided data as 
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Table 7-2: A manually constructed summary o f the working sessions 
constructed from profile data provided by the computer user and 
profile data captured automatically
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data captured by each component of the software are presented in more detail.
7.6.1 D ata collected using the application usage watcher component 
In the initial manual review of the data a primary objective was to ascertain whether it was 
possible to convert the captured data into the form of a detailed description of the work 
carried out. The application usage watcher component was particularly helpful in this respect. 
Table 7-2 shows a summary of each day constructed from the records. Here it can be seen 
that the major task objectives recorded at different points in each day can be extracted to 
form a rich description of activities throughout the working session. In addition to the 
summary data shown in Table 7-2, the profile viewer component provides an alternative means 
for the visualisation of the application usage. Figure 7-9 shows a screenshot of the profile 
viewer component that converts the text-based log files into a computer-generated chart 
indicating the application in use at different times throughout the session.
An aspect of particular interest for the purpose of validating the APM was to gain an 
understanding of whether it is possible to infer which instances of application use are
(a) Timeline
S  Ciflex a c tiv i ty  profile m ap*
Si
(b) Example of 
document referral
(c) Chart of general- 
application usage
(d) Chart of explores 
applications
Applications
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‘ EXCEL ModsoTi Exce - Ready Rack 2006 2080 
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DW 3740
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Figure 7-9: Computer generated chart o f application usage
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Figure 7-10: Proportion o f rime spent using different 
applications
common to a specific task objective (of which there may be several) that the user is 
pursuing over the course of the working session. A good example of where this may be 
inferred without any extra information from the user is illustrated in Figure 7-9 (see label 
(b)). It can be seen from the chart that the user is repetitively switching between an 
application containing a document and an application containing a CAD model. A likely 
cause for this behaviour is that the document is being used for reference to aid with an 
action being carried out on the CAD model and so the inference may be made that both 
applications and the content being edited or browsed within them relate to the same task 
or objective. However, it is noted that such inferences cannot be made with 100% 
certainty.
The pie chart in Figure 7-10 shows the proportion of time spent using different 
applications during the working session. In this case it can be seen that although the CAD 
system is in use for the largest proportion o f time, a number of other applications are also 
involved in the working session. An interesting observation from this analysis is the large 
diversity in application use. An aspect of future work may involve the comparison of this 
sort of data over a variety of work sessions from a number of designers in different stages 
of the design process.
7.6.2 D ata collected using the file system watcher component
Table 7-4 shows a summary of the files that had been used or edited during the course of 
the working session. The full description of where these files reside is contained within the 
complete data logs along with the time they were accessed or edited. This information is 
of interest as it provides for an effective description of some of the inputs and outputs of
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G eneral office docum ents
Microsoft word (doc)
Portable Document Format (pdf) 
Mircrosoft Excel (xls)
Table 7-4: Manually constructed tabulated summary of local files 
accessed, changed or created (extracted from the 1st day o f the 
case study)
the work carried out -  the inputs typically being files accessed and the outputs being files 
changed or created. As discussed in the previous chapter, a key expected application of the 
APM is to enable the inputs and outputs from previous design tasks to be traced. 
Conventionally, no record of this sort of information is taken or used during the course of 
normal working routine. It should also be noted that this particular type of data can be 
obtained with litde or no additional burden on the user’s activities.
7.6.3 D ata collected using the Internet browser watcher component 
Table 7-3 shows a summary of data captured during the course of an Internet-based 
search for information which was indicated from the profile data as being related to an 
“insect control device utilising electric fields”. This was another aspect of the harvester 
design, which in fact can be seen at the front of the machine in Figure 7-11, and was a task




































/AHost domain: P ages visited:
wvwv.auto.search.msn.com 1 1
www.imeche.ora.uk 9 1 1
www.enaineerinavillaae2.ora 40 1 1 1 3
Table 7-3: Manually constructed tabulated summary of web 
browser pages visited, and summary o f user data (where 
provided), extracted from the 2nd day of the case study
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Figure 7-11: Photograph of the end product (specialised cress 
harvester) in the engineering project under investigation.
captured from the 2nd day of the case study.
Along with the original definition of the information need, which was stated as being a 
search for specialist information, the content and usefulness of subsequent pages can be 
effectively retraced. In addition, as the user also specifies how certain web pages impact on 
the status of the search, the outcomes of the search activity can also be traced to some 
degree. In this case, the designer was unable to find the information required to satisfy the 
original information need.
However, this search scenario illustrates one example of where the use of the APM would 
allow for the capture of: (i) the intent and nature of a search conducted in a design task; (ii) 
the subset of useful documents (i.e. web pages) resulting from the search; and (iii) the 
overall outcome of the search task. It is thought that these aspects in particular would be 
useful for an engineer revisiting the subject area for the purpose of modifying or reusing 
the specific element of the harvester design to which the search is related.
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7.7 Conclusions
In this chapter, the design and functionality of a software prototype for the testing and 
validation o f the APM has been presented. In addition, some of the more general findings 
from the preliminary investigation undertaken using the prototype have been presented.
From the initial experiment, it is concluded that the sorts o f search profiles and other data 
captured, do form the basis of a useful resource for future users revisiting the subject area. 
Furthermore, although these findings to not constitute a full and thorough evaluation, they 
provide some initial indications o f the validity and possible benefits to be gained from the 
APM.
In the remaining chapters a specific aspect of the APM is developed further and given a 
more thorough evaluation. In particular, this relates to the possible use of temporal 
indicators for the automated identification o f context-based documents dependencies 
from activity profile data.
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Chapter 8
AN APPROACH FOR THE BAYESIAN 
EVALUATION OF CONTEXT INDICATORS
In this chapter an approach developed by the author for the Bayesian 
Evaluation of Context Indicators (BC1) is discussed. This relates to the further 
development and evaluation of a specific aspect of the Activity Profiling 
Methodology (APM) discussed in Chapter 6 and is investigated using the 
( I hi E X  software prototype discussed in Chapter 7. The approach uses 
captured data to identify possible relationships between documents used by 
an individual or group, representing their value in a given context. More 
specifically the objective of the approach is to identify dependencies that 
relate to the same specific information needs or activities. The approach 
employs the use of a naive Bayesian classifier to evaluate possible 
relationships that are derived impliddy from the data. It is intended that the 
relationships established be used to push related documents to future users 
who arrive at a similar context. In the evaluation o f the approach, over 70 
hours o f data from computer users in industrial and academic settings were 
collected to assess overall feasibility; this aspect is covered in Chapter 9.
8.1 Objectives
The aim of the BCI approach is to establish whether meaningful relationships between 
documents can be captured during the course o f normal working routines to support the 
recommendations made by an information push system. Two types of document 
relationships or dependencies have been defined which, it is proposed, may be extracted 
from activities. Firsdy, a bidirectional Common Utility Dependency where two documents have 
use or are of interest in the same task carried out by the computer user. For example, 
where documents x and y have both been useful in satisfying an information need in a 
search carried out. Secondly, a unidirectional Reference Dependency, where one document has 
been a reference source in the creation or editing of another.
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In both circumstances, the objective is to establish whether the relationships can be stored 
automatically and indexed within an information management system to improve its ability 
to respond to future users’ information needs. It is envisaged that such a system might 
have potential applications in two types o f retrieval process:
• In an information push system based around the APM, it may provide a 
mechanism for dynamic retrieval scenarios where a combination of the document 
in use and previously indexed relationships are used to automatically provide the 
user with additional related documents without the need for a search query.
• In conventional manual information retrieval it may provide a mechanism for the 
retrieval o f a ranked list of contextually related documents, given an instance of a 
document that is of interest in the current search. This type of application could 
possibly be used in combination with content-based retrieval algorithms.
In the BCI approach, a combination of temporal traits related to document use, such as 
the time a document is in view, and other metrics associated with the applications used for 
browsing and editing documents are used. These attributes, which are captured implicitly 
in the background of users’ working environments using the C IFLEX  prototype, are 
introduced in greater detail later in section 8.2.3.
8.2 Capture of document interactions
Figure 8-1 illustrates the two main stages of the BCI approach. It is intended that this 
process would typically be carried out off-line, at the end of a computer user’s working 
session, when the user has time to reflect on the important documents involved in the 
task. In this section, the first stage relating to the capture of interaction data is discussed.
Some of the data is used for an initial grouping o f documents by the task in which they 
had been used - this aspect is discussed in section 8.2.1. The remainder o f the data 
extracted is used for the implicit evaluation o f document relationships undertaken using 
naive Bayesian classification. In 8.2.2 some coverage is given on the reasoning for the 
chosen sources of implicit evidence. The data attributes forming this evidence are then 
introduced in section 8.2.3.
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Figure 8-1: Flow diagram of the process for assigning 
relationships between documents used in activities.
8.2.1 Task switching data
The utilization of implicit evidence of task snitching is not considered within the scope of 
the BCI approach, although it may possibly be a worthwhile area for further research. The 
approach adopted for the initial grouping of documents by the task in which they had 
been used requires that the user enter a small amount of task related information in 
interactive onscreen dialogues using the CIFLEX  prototype. This simple, accurate but 
slightly cumbersome approach has been adopted primarily for the purpose of validating 
the overall process. Greater details on the specific attributes of these dialogues are given in 
the evaluation of the approach in Chapter 9
8.2.2 Choice of implicit evidence
An overview of implicit indicators being investigated in related research was presented in 
Chapter 2. In the BCI approach, a number of temporal indicators were chosen as the 
primary source of evidence to fully investigate aspects not explored to a great extent in 
previous studies. Specifically:
The BCI approach investigates the use of a certain type of temporal indicator (the 
temporal proximity indicator introduced in section 8.2.3) for examining how
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successfully it predicts possible dependencies between documents. In previous 
studies the focus has primarily been restricted to evaluating document interest.
•  Where previous studies have restricted analysis to a specific activity such as web 
browsing or searching, one aim of the BCI approach is to evaluate the usefulness 
of temporal indicators in a broader range of tasks and general activities such as 
document editing as well as information retrieval.
• The BCI approach also incorporates additional evidence, for example, the number 
of times the same information is brought into view to investigate the importance 
or prominence o f an item of information in a given activity.
8.2.3 Document utility and use case data
Table 8-1 shows the data attributes captured during a computer user’s working session. 
The document referral descriptors consist o f a URL, or file path in the case o f locally 
accessed files, and a document title extracted from metadata. The purpose of capturing 
these data attributes is simply to provide direct links to documents specified in a 
relationship.
The temporal metrics captured serve 2 functions. The primary function is to provide an 
implicit measure of interest or usefulness in the current task. The time in view metric, is 
used as well as others including the frequency that a document is brought into view and
Attribute type Attribute name Abbreviation
Referral descriptors Document title T,
Document reference R,
Temporal metrics Time of first access b
Time of last access h
Time in view or focus V,
Access period (t, - tf) s,
Frequency a document is brought into view f
Use-case attributes Application type t,
Document origin o,
Table 8-1: Document data attributes captured in a session
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the time spanning the first and last view within the session to evaluate this aspect. It is 
thought that the latter attributes may help to capture the significance of documents being 
worked on or manipulated, particularly where a number o f documents are being used 
interchangeably.
A secondary function of the temporal metrics is to enable the calculation o f an additional 
parameter, temporal proximity, that refers to the time span between the use or viewing o f 
2 documents under consideration. It is expected that this parameter may provide the 
classifier with an additional mechanism for determining the likelihood of one document 
being related to another in the context of the current task. The temporal proximity 
parameter is formally introduced in the next section.
The use-case attributes give an indication o f the circumstances in which an electronic 
document containing information is used. Specifically, the two attributes used in the 
evaluation identify whether an electronic document was created, modified or just referred 
to and also whether it was accessed from a local or remote file store.
The reason that they are included in the assessment is that they are aspects which can 
provide evidence to support which type of dependency is appropriate between two 
documents. For example, if a remote web page is referred to and then a locally stored 
document is modified a reference dependency is more likely to be appropriate since the 
reference to information may have been made to support the user’s actions in modifying 
the document. If  two documents are referred to in succession then a common utility 
dependeng may be more appropriate since both documents may have been valuable in a 
search carried out to satisfy an information need.
The application type attribute is represented by a value that is assigned depending on the 
software application that is being used with the document. The CIFLEX software 
prototype used for the implementation of the BCI approach was configured so that the 
value returned was either ‘Browse’ or ‘Edit’ to distinguish between these high level use- 
cases. The document origin attribute simply specifies whether the document in use 
originated from a local or remote file store.
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8.3 Naive Bayesian Classification of document relationships
A naive Bayesian classification method (Coppin 2004) is used to evaluate document 
relationships from the data attributes described above. Essentially, the classifier is 
provided with examples of pre-classified document interaction data for pairs of 
documents used in the same task. The classifications relate to the possible types of 
relationship to be identified. A list o f these classifications is shown in Table 8-2. For a 
given document pair being evaluated, the classifier will find the closest classification match 
with the examples provided in the training set. In effect, the classifier learns the data 
attribute configurations that are likely to indicate a given relationship from examples in the 
training set and then applies this knowledge to predict unknown document relationships.
Details on the choice of probabilistic algorithm are given in section 8.3.1. The technical 
aspects of the implementation are then provided including; details of data discretization 
using fixed k-interval method in section 8.3.2, the population o f training set data in section
8.3.3 and naive Bayesian classification o f dependencies with the m-estimate for incomplete 
data in section 8.3.4. The section concludes with some discussion on possible ways in 
which the relationships established could be stored or indexed within information retrieval 
systems.
8.3.1 Choice of probabilistic reasoning algorithm
As discussed in the literature review a number of classification approaches have been 
evaluated in the Information Retrieval community for the purpose of text classification30.
In this work where classification is not based on document text, but on attributes relating 
to document use, naive Bayesian classification is adopted. The beneficial aspects o f this
Classification Description Type
c 0 No useful relationship -
Cl dx and dy relate to the sam e information Common utility dependency
C2 dx useful in the creation of dy Reference dependency
C3 dy useful in the creation of dx Reference dependency
Table 8-2: List o f possible classifications assigned to document 
pairs
30 Naive Bayesian classification (Lewis 1998), decision trees (Dumais et al 1998), example based approaches such as k-NN 
(Yang, 1999), neural networks and support vector machines (SVM) (Joachims 1998)
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approach include its simplicity to implement and that there is no requirement for the 
specification or learning of dependencies between attributes as there typically are when 
using a Bayesian networking approach.
8.3.2 Formation and discretisation of data
A requirement for using the chosen algorithm is that the data attributes are discretized 
before being evaluated and classified. Before discussing the discretization method it is 
necessary to show how individual data attributes are organised before being processed. 
Essentially, every document pair that form a subset o f documents that relating to the same 
task (as described in section 8.3) is evaluated for a possible relationship. For each 
document pair a corresponding dataset is formed. Table 8-3 shows example data from two 
datasets, each relating to a document pair.
The attributes relating to the individual documents are a subset of those discussed in 
section 8.2.3. Additionally, the temporal proximity attribute is calculated which is unique 
to the document pair under evaluation. This attribute is calculated as follows: given two 
documents x and y, accessed in succession, the assigned value is the time in seconds, 
between the last recorded time that x had been in view and the first recorded time y had
Attribute name and Range Ex. Dataset Ex. Dataset
abbreviation (discrete) Cont Dis Cont. Dis
Doc x Time in view or focus (s) v* 1-4 40 2 2452 4
Access period (s). S* 1-4 96 2 1928 4
Frequency of access f x 1-4 2 2 4 4
Host application type tx Browse, Edit - B - E
Document origin Ox Local, Rem ote - R - L
Doc y Time in view or focus (s) vy 1-4 203 3 269 2
Access period (s) Sy 1-4 203 3 269 2
Frequency of access fy 1-4 1 1 1 1
Host application type ty Browse, Edit - B - B
Document origin Oy Local, Rem ote - R - R
Docs x, y Temporal proximity (s) Pxy 0-4 1199 4 - 0
Table 8-3: Example document pair datasets to be evaluated in 
continuous and discrete form
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been in view. In the case where y is accessed between the first and last viewing time of x, 
or vice versa, the attribute is assigned a special discrete value o f 0. Finally, in the case 
where two documents are both used in the same task, but before and after a period o f 
time on another task, then the temporal proximity value remains the absolute time 
difference between the usage periods. This last scenario could possibly be handled in an 
improved way by subtracting the time the user had spent working on the other task The 
author hopes to investigate this possibility in future research.
The data for v, s, f, and p (the time in view, access period, frequency o f access and 
temporal proximity) need to be discretized in a way to ensure that the intervals or bins for 
the various states of these attributes contain adequate training data. More specifically, as 
reported by Yang et al (2001), there is a trade-off between two conflicting objectives. On 
one hand it is preferable that there be as many intervals as possible to increase the 
representation power o f the attribute (the more intervals used the greater number o f 
distinct values the classifier can distinguish between). On the other hand, it should be 
ensured that there are enough training instances in each interval so that there is enough 
information to accurately estimate the probabilities required by Bayes’ theorem.
The data is discretized using the fixed k-interval method (Dougherty et al, 1995). In this 
method, the continuous attribute is divided into a fixed number of intervals (k) or bins. 
The interval ranges are determined using observed instances o f the continuous data 
attribute contained within the training data. Given n observed instances, each interval 
contains n /  k adjacent values. In this approach k is set as 4 (a decision primarily based on 
the amount of available training data) so each interval represents a quartile o f observed 
values in the training set Depending on the value of the new attribute to be evaluated, it is 
assigned a discrete value ranging from 1 to 4 depending on its respective position within 
the prescribed interval ranges. However, if the value of the attribute lies outside the range 
of observed values it is assigned a value of 1 or 4 depending on whether it is lower or 
higher in magnitude than the existing range of known values respectively.
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8.3.3 Training set
As stated previously, the training set consists of a number o f pre-classified examples of 
document pair data31. These examples are gathered using prototype software developed as 
a consequence of the research. Specifically, the software enables a computer user to enter 
data on their intentions and the value o f documents they are using in addition to the capture 
of data required for the implicit evaluation. From a combination o f the user-provided data 
and the data captured automatically, training examples complete with a document 
relationship classification can be used to populate the training set. The exact details of this 
process are covered in the evaluation in Chapter 9.
8.3.4 Classification of relationships
Once the data attributes for a document pair have been discretized, a classification (c) can 
be assigned. Following the standard method, the posterior probability for each 
classification is then evaluated using Equation 8-1.
P {fi | ’ Sx» f  x ’ ’ °x ’ Vy »Sy ’ fy  ’ *y»°y * Pxy )
Equation 8-1
Where ct is the i h classification from the set of | c\ classifications described above.
The classification whose posterior probability is highest (the maximum a posteriori) is 
chosen as the correct classification for the document pair. In order to evaluate the above 
prior probability Bayes theorem is used, as shown in Equation 8-2:
P (VX’SX’f X’tX’°X’Vy’Sy’f y ’ty’0y’Pxy\Ci ) * P {Ci)
P { Vx’Sx*fx’t x ^ x ’Vy’Sy’f y ’ty’Oy’ Pjcy) Equation 8-2
As P (v x,sx, f x,tx,ox,vy,sy, f y,ty,oy, p xy) is a constant value, and the only purpose is to
find the highest probability from the set of classifications, this can be eliminated as shown 
in Equation 8-3.
31 In order to maximise the effectiveness of predictions and to improve the consistency o f evaluation, for every pre- 
classified training example, a second mirrored dataset is added to the training data with the attributes for documents x 
and y reversed to ensure that the evaluation o f unclassified document pairs will be the same irrespective o f the order.
8-9
A n  a p p r o a c h  f o r  t h e  B a y e s i a n  e v a l u a t i o n  o f  c o n t e x t
i n d i c a t o r s
P ^ x ’Sx’fx’tx’Ox’Vy’Sy’fy’ty’Oy’P M ' P i C i )
Equation 8-3
As Naive Bayesian classification assumes that all data attributes are conditionally 
independent, Equation 8-3 can be rewritten in the form shown in Equation 8-4.
;'= i
Equation 8-4
Where a,,...,aK refers to the z items in the dataset (v^...,p^f.
Using data obtained from the training set to evaluate the probabilities, the Equation 8-4 
can be written in the form shown in Equation 8-5.
^ l .T T -2 L  
n, y_] n ■
J a Equation 8-5
Where nt is the total number o f examples in the training set, ncj is the number of 
examples that satisfy C = c, and naJ is the number o f examples that satisfy 
(C  = c,.) a  ( Z)  =  d j ) .
najIn some cases, in the calculation o f —-  their may be insufficient data contained within the
na
training set to make an adequate evaluation. For example, where there are no training 
examples matching a given classification and attribute. The m-estimate method is used to 
avoid this problem which introduces an equivalent sample size parameter to ensure that a 
value of 0 is never returned. Finally, the equation is altered to accommodate this method 
as shown in Equation 8-6.
< 7=T nd +m
Equation 8-6
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Figure 8-2: Similarity matrix, defining the dependencies for all 
document pairs within the group being evaluated
Where p  is an estimate of the probability for the current classification and m is a constant 
referred to as the equivalent sample size. In this approach,^) is assigned a value (1/4) for 
each classification and m is assigned a value of 5.
The posterior probabilities for each classification returned using this equation are then 
compared and the most probable relationship is assigned to the document pair. The 
process is then repeated for all document pairs within the group o f documents under 
consideration, as illustrated in the similarity matm<?2 in Figure 8-2. This completes the 
process for the document group under consideration. At this point, the useful 
relationships assigned by the algorithm can optionally be reviewed by the computer user 
before being indexed and stored. Any alterations to the relationships reviewed by the user 
can then be appended to the existing training set to improve the accuracy o f future 
predictions.
8.3.5 Indexing document relationshipsfor context sensitive push
Where useful relationships (i.e., the document pairs assigned Cj, C2, c j )  have been 
identified, the next objective is to index them so that they can be used by an information 
push system providing recommendations for contextually related information. The 
CIFLEX prototype enabled the following relationship data to be stored for future use: 
document tide, document URL, dependency type, and the dependency strength as 
obtained from the normalized posterior probability of the assigned classification.
32 Similarity matrices express the similarity between two data points -  a number o f general applications in IR are reviewed 
by van Rijsbergen (1979).
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8.4 Overview of expected applications
Essentially, the BCI approach investigated enables task-centred similarity matrices to be 
constructed from document groups based on the context of document usage. More 
specifically, the similarity matrix defines the contextual relationships between documents 
based on their strength and classification calculated using the algorithm.
In an example of a very simple application, the similarity matrix stored within an 
information push system may allow a computer user to be recommended with documents 
that are likely to have been used in the same or similar situations. In the case that a 
number of documents are identified as being relevant they can be presented as a ranked 
list in order of relationship strength. An important aspect to emphasise is that the aim of 
the approach is to identify documents that share a common utility for a given purpose. It 
is this novel context-centred aspect of the approach which differentiates it from other 
user-centred approaches in conventional collaborative filtering systems.
In the approach discussed in this chapter, the results returned are based on the instances 
of dependencies specified in the matrix. There also exist a number o f possibilities for the 
application of document clustering methods, some of which are used in existing 
information retrieval systems, e.g. graph theoretic methods. By clustering documents 
within the similarity matrix, it may be possible to exploit indirect dependencies where 
document clusters define associated documents rather than just the individual 
relationships. The benefits of applying appropriate document clustering methods to the 
similarity matrix is an area for investigation in future research.
8.5 Limitations of the approach
A possible problematic area associated with the approach discussed in this chapter is that 
of maintaining persistent references to documents specified in the relationships; a more 
general problem also exists for document use on the Internet where URLs referenced by 
hyperlinks and bookmarks become obsolete. The “referential integrity” problem on the 
Internet has been an active subject o f investigation over recent years (Spinellis 2003, 
Pitkow 1999, Ashman 2000). A number o f URN (Uniform Resource Name) protocols are 
available for digital information that are intended to serve as persistent, location- 
independent identifiers but these typically require cooperation from the content creator
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and as they are not universally adopted it cannot be guaranteed that a given document on 
the web will be provided with a persistent URN.
Spinellis (2005) provide a promising alternative approach for creating persistent URNs 
without the active co-operation of content creators. The method involves having a search 
engine calculate, for a given URL, an augmented, persistent version containing the URL 
and a combination of words that uniquely identify the document. If  the default access 
method via the URL fails then the retrieval of the document is attempted using a search 
engine and word combination. A URN created in the same or similar manner may provide 
an effective method for storing document references in the dependencies assigned using 
the algorithm.
8.6 Summary
In this chapter, the BCI approach has been developed for the purpose o f identifying 
contextually related documents in the working sessions o f computer users.
The approach is closely related and fits within the overall framework of the Activity 
Profiling Methodology (APM) presented in Chapter 6. In particular, referring back to the 
‘profile elements’ defined in methodology (see table 6-1), several Information Context 
Indicators and temporal Implicit Indicators are evaluated and then used to identify documents 
of interest and the possible contextual dependencies between them. The intended 
application of the approach is to use previously identified document dependencies for the 
recommendation of related documents in task-centred approaches to information push.
In the next chapter an evaluation of the BCI approach is conducted. The evaluation 
involves testing of the approach using the software prototype developed in a number of 
academic and industry settings.
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Chapter 9
EVALUATION OF THE BCI APPROACH
Although an evaluation of the usefulness and usability of relationships 
assigned using the BCI approach is the ultimate goal in this research, a 
complete assessment of this is difficult without a large scale deployment of 
the system. In this situation, the relationships within a given document set 
would be allowed to accumulate to a level where knowledge workers would 
be able to make use of relationships implicitly assigned by others. The 
identification of a suitable domain where the approach can be hilly tested in 
this way is a possible area for further research—this is discussed further in the 
conclusions chapter. However, in this project it has been possible to conduct 
an evaluation o f an equally important aspect of the approach relating to how 
accurately the algorithm could assign relationships using the implicit evidence 
with which it is provided. In this chapter, the details of an experiment for the 
evaluation of this aspect, involving academic and industry testing using the 
CIFLEX software prototype is presented.
9.1 Evaluation method
The evaluation experiment involved the capture and analysis of 70 hours o f activity profile 
data from computer users in industrial and academic settings. In this section, the method 
used for the capture and analysis of these data for the evaluation of the BCI approach is 
outlined.
In section 9.1.1 a short overview of the evaluation method is provided and then in section
9.1.2 the research questions to be investigated are stated. In section 9.1.3 considerations 
relating to user interactions with the CIFLEX software prototype are discussed and in
9.1.4 details o f the participants and the general procedure followed in the experiment are 
presented. Finally in 0 the method used to manually assess document relationships for 
comparison with the automatic assessment provided by the BCI approach is discussed.
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9.1.1 Overview
As discussed in Chapter 7, the CIFLEX software prototype had been designed to collect 
data provided by the computer user, relating to document interest and motivations (in 
addition to the automatically captured data). In the evaluation approach adopted the data 
collected directly from the user was manually processed in the first instance to assess 
document relationships from the user’s perspective. These manually assigned relationships 
serve two functions in the evaluation, namely to:
i. populate the training set used by the algorithm with pre-classified document 
interaction data;
ii. verify the accuracy of relationships established using the algorithm.
In the controlled experiments carried out using the software, half of the data collected was 
used to populate the training set with pre-classified examples. The remaining document 
interaction data was processed by the algorithm using this established training set, and 
then the relationships assigned by the algorithm were compared with the corresponding 
user-provided data to evaluate the accuracy of the classifications.
9.1.2 Research questions associated with the evaluation
Overall, the aims of the evaluation were to verify the following research questions:
i. Could the algorithm differentiate between useful and irrelevant documents related 
to a user’s search tasks?
ii. Did the document relationships assigned by the algorithm correspond to known 
relationships evident from the data provided by the user?
iii. Did the strength o f document relationships assigned by the algorithm correspond 
to the combined utility of the documents specified in the relationships, evident 
from the data provided by the user?
9.1.3 Collection of user data using the C IF LE X  software prototype
A significant amount of consideration was given to the design o f a suitable method for 
collecting user-provided data for the manual evaluation. Unlike the implicit data capture, 
the prompting and capture o f user data needed to be restricted in order to minimise the 
impact of the resulting intervention on the computer user’s activity as well as provide 
enough information so that useful documents and their relationships could be identified in 
the manual assessment. In order to minimise interruption to the user’s task, the required
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information was collected using a number of passive onscreen data entry dialogues. The 
onscreen dialogues were designed so that after a specified period of time, if no response 
was made by the user, it was assumed that no data entry was necessary and the dialogue 
disappeared until the next event occurred. The dialogues were also designed to appear on 
a small portion of the screen outside of the main viewing area to minimise disruption.
9.1.4 Experiment participants and tasks
It was considered important that the approach was evaluated in settings representative o f 
the user’s everyday tasks. For this reason the activities captured for analysis were 
undertaken as part o f the normal working routines of the participants involved in the 
study. Initially, each participant agreed to have the prototype software installed on their 
machine over a period of one to four weeks. Following the installation of the software 
they were provided with some preliminary training on how to start and stop data capture, 
and how they should complete the onscreen forms requesting user data. They were then 
instructed to initiate the data capture functionality in any future Vorking sessions’ where 
activities were likely to consist o f predominantly information-intensive computer-based 
work. There was no formal restriction on the definition of a working session although it 
typically ranged from half a day to one days work and consisted of a variety o f sub-tasks. 
The participants were then requested to return the text-based log files for analysis when 
sufficient data had been collected over a number of sessions.
A total of five participants (labelled A to E) were involved in the study, from different 
backgrounds in industry and academia. A summary of the participant’s tasks is provided 
below.
• Participant A was involved in the design and development of the harvester 
machine discussed in Chapter 7 as the data collected from the initial experiments 
was also useable for this evaluation. The tasks included the geometric modelling of 
detailed design features, and reference to a number of local and remote 
information sources.
•  Participant B’s session data related to the development of knowledge management 
pages of the Airbus UK intranet. A prominent feature of the data was the search 
and retrieval of web programming reference material.
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• Participant C’s tasks included a number of searches relating to knowledge 
management research. In particular the work involved investigation into new or 
emerging technologies that could have useful applications in the corporate design 
environment. In addition the tasks involved the documentation of the research 
work in office documents including presentations, spreadsheets and word 
processor documents.
• Participants D and E’s tasks both consisted of web based searches relating to their 
respective academic research fields
9.1 .5  M anual assessment of document relationships from  user provided data 
Having collected data from a series of routine activities in sessions carried out by the 
participants, the data was separated into two sets, one was used for training the algorithm, 
and the other was used for evaluating classification accuracy. Each participant was 
assigned a separate training set which was based on half the total data collected from their 
activities. In order to achieve a more closely representative training set, a proportion of 
data was collected from each working session rather than assigning the first half of each 
session to training and the second half to evaluation.
The training set was compiled by entering relationship data to the existing data records
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Figure 9-1: Screen shots of (a) example dialogue for collecting user 
data on document utility, (b) prototype component for training or 
evaluating (using algorithm) document relationships
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using the software prototype component shown in Figure 9-1 (b) This was carried out by 
the author at a later date when all user sessions had been completed. Each session, 
typically consisting of between 10—40 documents was evaluated and analysed for possible 
relationships. The relationships assigned were based on a combination of evidence from 
the user-provided data and additional information gleaned from the interaction chart 
generated by the activity profile viewer component described in the previous chapter. 
Specifically, from this data it was possible to distinguish between individual tasks and also 
the corresponding documents of interest or utility. Dependencies were manually assigned 
to document pairs where the interest or utility o f both documents was high and where 
both documents related to the same task. A parameter relating to the relationship type (as 
defined earlier) and one relating to the relationship strength (based on the combined utility 
o f both documents) was included as part of the dependency specification.
Having compiled the training set, the same manual mark-up process was repeated on the 
remainder of data, which was also then processed using the algorithm. Finally, the 
manually assigned relationships were compared with those assigned by the algorithm to 
complete the evaluation. The results of the comparison, for each participant involved in 
the experiments, are discussed in Section 9.3. However, before that, in the following 
section some annotated example session data is presented to provide further background 
information to the reader.
9.2 Example data and analysis
A detailed breakdown of two sessions that contributed to the final results is presented 
here to provide further information on the actual data captured, details of the manual 
assessment and some initial details on the nature of the results generated by the algorithm. 
The sessions discussed relate to specific tasks undertaken by Participants B and C from 
Airbus UK.
9.2.1 Example 1: Extended Search for Web Programming Reference Material 
Figure 9-2 shows the data from a web search conducted by Participant B. This task was 
undertaken when an information need became apparent that related to a web 
programming function for passing variables between web pages. This functionality was 
required for an Airbus intranet application being developed by the Participant
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The following numbered list provides additional information on the numbered items in 
Figure 9-2.
1. The column indicated by this item shows the document used in the session. The 
search pages are printed in italics.
2. This column shows data entered by the computer user during their work session 
in the on-screen dialogues. The computer user was asked to enter data wherever a 
document had some significance or interest. Consequently, the documents for 
which no data had been entered were considered to have a lesser significance in 
the manual assessment conducted by the author.
3. The columns highlighted by this item show the assigned ID of documents 
specified in dependencies and the type of dependency. ‘C’ refers to the ‘Common 
Utility Dependency’ and ‘R’ refers to the ‘Reference Dependency’ which are both 
described in Chapter 8. As this session was restricted to search activity and 
involved no editing tasks a dependency of type ‘C’ was appropriate in all cases in 
the manual assessment.
4. This item shows two documents for which the participant attributed some level of 
interest in the search task, and as such, they were assigned as having a common 
utility dependency in the manual assessment. In this case, the algorithm correcdy 
assigned this dependency.
5. This item highlights documents grouped in clusters along the timeline which is 
likely to be a characteristic resulting from the influence of the temporal proximity 
attribute. In particular, where documents in close temporal are identified in the 
manual assessment, this reflects the influence of the temporal proximity attribute 
to affect the algorithm assessment in a similar fashion.
6. This item shows three further documents for which the participant attributed 
interest and one of which satisfied the original information need. The algorithm 
correctly assigned one of the three dependencies assigned in the manual 
assessment
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7. This item shows a document which was included in a large number of 
dependencies in the algorithm assessment and more specifically highlights the two 
data elements that are likely to have contributed to this characteristic (the relatively 
long time in view and high frequency of access). In this case the document is the 
participant’s home page which has little relevance to the search task being 
undertaken. This illustrates a weaker aspect o f the approach where the data 
employed in the automatic classification cannot effectively distinguish such non­
useful documents. The high frequency of access is likely to have been a result of 
the page being displayed every time the Participant opened a web browser.
8. The documents indicated by this item illustrate the web pages that result in the 
links to the relevant pages. In this case, several search pages and query iterations 
were attempted but the pages themselves were in view for relatively short periods 
of time.
9.2.2 Example 2: Uditing tasks relating to the roll-out of digitalpen technology 
Figure 9-3 shows the data from a document editing session conducted by Participant B 
working in the knowledge management team at Airbus UK. The specific tasks related to 
updating documentation associated with a trial programme for rolling-out of digital pen 
technology to engineers. In particular, the main task involved updating a questionnaire for 
gathering user data on the new technology. The numbered items in Figure 9-3 are 
discussed in the numbered list below.
1. This item shows the relatively small number of documents which were involved in 
this editing task, which spanned a number o f hours, when compared to search 
activity in the previous example.
2. Item 3 shows an example o f the relationship strength weighting for the specified 
dependency, which is assigned in addition to the relationship type in both the 
manual assessment (based on a subjective evaluation) and the algorithm 
assessment (based on the normalised posterior probability o f the classification). 
An evaluation of the correlation o f manually assigned dependencies vs. algorithm 
assigned dependencies is discussed in Section 9.3.3.
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3. Overall the algorithm correctly identified 2 dependencies out of the 5 
dependencies identified in the manual assessment
4. This item highlights the use case-attribute which indicates whether a document 
was modified or just accessed. In the manual assessment the reference type 
relationship was always appropriate where documents had been edited and so this 
is likely to have strongly influenced the assignment of this relationship in the 
algorithms classification.
5. This session involved updating a project report and questionnaire. The user data 
indicated two supporting reference documents that were used to aid this task. This 
item shows that 3 out of the 4 documents identified as being significant are 
generally in view for longer periods and brought into view a greater number of 
times than other documents used in the session. This illustrates an example of 
where the time in view and frequency of access are effective in identifying the 
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Figure 9-3 Annotated data extract of a document editing session conducted by Participant C
9-
10
E v a l u a t i o n  o f  t he  B C I  A p p r o a c h
9.3 Results and analysis
In the following sections the research questions outlined previously are evaluated.
9.3.1 Question 1: differentiation between useful and redundant documents 
The objective of this analysis was to establish how well the algorithm could differentiate 
between useful and redundant documents in the various tasks carried out by the 
participants. In Table 9-1 the number of documents assigned by the algorithm as having 
an associated useful relationship is shown in comparison with the number of actual useful 
documents which were determined by manual assessment
For clarity, the main columns o f Table 9-1 are defined more specifically below:
M anual assessm ent column: this column specifies the number o f documents that were 
identified as being useful from the manual assessment o f profile data. In particular, the 
documents that were marked as being useful included those that had been assigned a high 
interest rating in the corresponding user provided data and, additionally, documents that 
had no associated user data, but from other evidence, from the computer user’s task notes, 
and an analysis of the computer user’s interaction chart provided by the CIFLEX profile 
viewer component, were deemed to be useful in the author’s manual assessment. (An 
example of such an assessment is provided in Section 7.6.1).















A 12 127 41 26 (20%) 77 (61%) 15(12%) 9 (7%)
B 14 132 18 10 (7%) 105 (80%) 8 (6%) 9 (7%)
C 10 55 17 6(11%) 36 (65%) 11 (20%) 2 (4%)
D 19 88 27 13(15%) 60 (68%) 14(16%) 1 (1%)
E 16 117 17 9 (8%) 96 (82%) 8 (7%) 4 (3%)
Totals 71 519 120 64(12%) 374 (72%) 56(11%) 25 (5%)
Table 9-1: Summary of correct and incorrect classifications assessed 
using the algorithm
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Algorithm assessm ent colum ns: these columns compare the classifications made by the 
algorithm with the classification of useful documents made in the manual assessment. 
Specifically:
• The ‘Correct: useful’ column shows the number of documents were specified in 
any useful dependencies evaluated by the algorithm (i.e. Co for all dependencies), 
and where the documents were also deemed to be useful in the manual 
assessment.
•  The ‘Correct: non-useful’ column shows the number of documents that were not 
specified in any useful dependencies evaluated by the algorithm (i.e. Co for all 
dependencies), and where the documents were also deemed to be non-useful in 
the manual assessment.
• The ‘Incorrect: useful’ column shows the number of documents that were not
specified in a useful dependency evaluated by the algorithm but where the
documents were deemed to be useful in the manual assessment.
• The ‘Incorrect: non-useful’ column shows the number o f documents that were
specified in a useful dependency evaluated by the algorithm but where the
documents were not deemed to be useful in the manual assessment
The percentages of the totals are also presented in pie chart form in Figure 9-4. Perhaps 
the most striking observation is the high percentage of non-useful documents, a feature of 
all the participants’ tasks. On inspection o f the associated records, these non-useful 
documents often relate to the web pages that provide the links to the relevant pages, for 
example, search results pages, contents pages or intranet homepages.
Overall, the results indicate that although the identification of useful documents is by no 
means perfect, the algorithm performs well, particularly when considered in proportion to 
the total number o f documents accessed. For example, of the 127 documents used by 
participant A, 32 % were of actual interest or utility and the algorithm correctly assigned 
21% of these. It should be noted that there is also considerable scope for improvement, 
both through the compilation of larger training sets and possibly through the introduction
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Figure 9-4: Pie charts illustrating the total percentages in the 
manual and algorithm assessment
of additional implicit indicators to be incorporated in the evaluation. For example, the
effective implicit indictor (Claypool et al., 2001) of document interest which was not 
included in our evaluation.
When these results are compared with other studies (e.g., Kelly & Belkin 2001), where 
viewing time alone is used in the assessment of interest, these results compare well. This
However, a consequence of taking this approach is that it has been difficult to evaluate 
which aspects of evidence were most effective as they were all simply inputs to the 
classification process which were not considered independently. An interesting area for
9.3.2 Question 2: identification of useful relationships
Table 9-2 shows how successfully the algorithm identified relationships between useful 
documents. In this analysis, the results are likely to be indicative of: (i) the accuracy of 
temporal proximity attribute for predicting the documents involved in a given relationship 
based on the relative viewing times of documents; and (ii) the accuracy of the use-case 
attributes for predicting the relationship type.
Again, the manual assessment and algorithm assessment columns are defined in more 
detail below for clarity.
Manual assessment column: This column specifies the total number of document 
dependencies, identified in the manual assessment for each participant. A dependency was 
identified in cases where the user provided document interest ratings and task specification
amount of scrolling or other activity on a document has been shown to be a reasonably
may be a result of the combinatory approach to implicit evidence taken in this research.
further research may be to assign different configurations of weightings to each aspect of 
evidence so that a better understanding of their individual impact can be sought.
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A 79 93 60 (65%) 0 (0%) 33 (35%) 19
B 18 36 12(33%) 0 (0%) 24 (67%) 6
C 10 11 7 (64%) 0 (0%) 4 (36%) 3
D 28 19 8 (42%) 0 (0%) 11 (58%) 20
E 10 28 10(36%) 0 (0%) 18(64%) 0
Totals 145 187 97 (52%) 0 (0%) 90 (48%) 48
Table 9-2: Summary o f correct and incorrect dependencies 
assessed using the algorithm
showed that the interest or utility of both documents was high and that both documents 
related to the same task Dependencies identified in the manual assessment included a 
specification of the dependency type (either ‘common utility dependency’ or ‘reference 
dependency*) and a specification of the dependency strength ranging from 0-100%. 
Additionally, in further cases, where documents had no associated user data but there was 
sufficient evidence from task notes and the interaction chart, an appropriate dependency 
was assigned by the author.
Algorithm assessm ent colum ns: These columns compare the dependency classifications 
made by the algorithm with the dependency classifications made in the manual 
assessment Specifically:
•  The ‘Correct’ column indicates the number of cases where a dependency o f the 
same type and between the same documents exists in both the manual and 
algorithm assessment
• The ‘Incorrect dep. exists’ column indicates the number of cases where the 
algorithm rejected a dependency between two documents but where a dependency 
was identified in the manual assessment. It was found during the manual 
assessment that the relationship type was nearly always governed by specific
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configurations of use-case attributes33 for the documents involved and so the 
algorithm was effective in distinguishing between them.
• The ‘Incorrect: no dependency exists’ column indicates the number of cases where 
a dependency was assigned by the algorithm but was not assigned in the manual 
assessment
• The ‘Incorrect: dependency exists’ column indicates the number of cases where a 
dependency was assigned in the manual assessment that was not assigned in the 
algorithm assessment
The overall assessment in Figure 9-5 shows that 42% of dependencies were correct from 
the total number assigned plus those incorrectly rejected. Alternatively the number of 
correctly assigned dependencies can be viewed as 67% of all relationships assigned in the 
manual evaluation which seems reasonable performance. However, the number of 
incorrectly classified dependencies and the variability in accuracy for different participants 
are areas for concern. This feature is thought to be related to the differing nature of the 
participants’ tasks and is discussed further in section 9.4. However, one possibility for 
reducing the level of incorrect classifications may be to set a threshold based on 
relationship strength to filter out lower probability relationships.
Individual a s se s s m e n t Overall assessm ent
□ In co rrec t - no 
dependency  exists 100%  
80%  - 
60%
□ In co rrec t - 
dependency a d s ts  ^0 %  
20% \ 
0%
□ C o rrec t
Figure 9-5: Presentation of correct and incorrect dependency 
classifications for individual participants and overall
33 Le. In the manual assessment, a ‘reference dependency’ was always appropriate where one useful document was being 
edited and another useful document was being browsed and a ‘common utility dependency was always appropriate 
where two useful documents were being browsed and not edited.
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Participant Correctly assigned 
dependencies (n)
Correlation of strength 
weighting (-1 5 pcalc 5 1)
Critical value (pcrit)
A 60 0.55 0.273
B 12 0.07 0.576
C 7 0.88 0.754
D 6 0.67 0.707
E 6 0.84 0.811
Table 9-3: Spearman’s rank order correlation o f strength weighting for 
actual vs. algorithm assigned relationships.
9.3.3 Question 3: accuracy of relationship strength weighting
In a final evaluation of the data, a non-parametric test of correlation o f dependency 
strength weighting34 between the automatically and manually processed datasets was 
conducted. The test evaluated how closely the dependency strength weighting returned by 
the algorithm correlated with the dependency strength weighting assigned in the manual 
evaluation for correctly assigned dependencies.
The data generated as a result of this analysis was in an appropriate form to conduct 
hypothesis testing35 to investigate the validity of the results in consideration of the sample 
sizes used. In this case the null hypothesis, H 0, is that there is no correlation between 
datasets as shown in Equation 9-1.
H0 . p  = 0
Equation 9-1
Where q is the correlation coefficient.
The alternative hypothesis, H„ put forward is that a positive correlation exists due to the 
combined effectiveness of the data attributes used by the algorithm for enabling strength 
weighting predictions that are in line with the user evaluation, as shown in Equation 9-2.
34 The dependency strength weighting in the algorithm assessment is obtained from the normalized posterior probability 
of the assigned classification, as discussed in section 8.3.5. The dependency strength weighting in the manual 
assessment was based on a subjective evaluation o f dependency strength from the user data provided and other 
evidence available as discussed in section 0
35 Hypothesis testing is a statistics method for testing the alternative to the hypothesis put forward. In  this case it is used 
to identify where the null hypothesis (i.e. that there is no correlation between the dependency strength weightings in 
the manual and algorithm datasets) can be rejected in favour of the alternative hypothesis put forward (i.e. that there is 
a correlation). The significance level is used to discount the probability o f wrongly rejecting the null hypothesis because 
of a chance or fluke result
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Hx\ p >  0
Equation 9-2
A significance level a, of 0.05, corresponding to the probability of wrongly rejecting H 0 
was used in the experiment. Table 9-3 shows the sample size », for each participant, the 
test statistic obtained using Spearman’s rank order correlation and the critical value 
calculated from the significance level and the degrees of freedom (n — 2). Where Qcak > 
then H0 can be rejected in favour of H,.
The data for participants A, C and E suggest that there are grounds for rejecting the null 
hypothesis, although greater sample sizes are clearly required for a more confirmatory 
study. In the case o f participant A, where a positive correlation o f strength weighting is 
most apparent as a valid claim, the results indicate that this attribute could be usefully 
employed to filter out less useful or uncertain relationships. The results for participant B 
show that there is very litde evidence to suggest a positive correlation exists in this case. 
This finding is thought to be related to the specific nature of B’s tasks which are discussed 
further in the next section.
9.4 Summary of main findings
One prominent feature of the results was that the classifier correcdy identified document 
interest and document dependencies more successfully for participant A than for the other 
participants. This is particularly interesting as A’s tasks were generally o f a slightly different 
nature to the others’ tasks. Specifically, A was involved with activities which in many cases 
align closely with the engineering tasks outlined in section 6.2.2. A large proportion of 
time was spent either modifying design data in associated documents or making references 
to information form external or corporate sources. In many cases search and retrieval was 
characterized by specific information or data requirement, in order that a given task could 
proceed to the next stage. This is in contrast to the tasks of some of the other participants 
where there were often no distinguishable stages to a given task.
The results for participant B were the poorest overall, having the largest percentage of 
incorrectly classified documents, dependencies allocated and the lowest correlation of 
relationship strength weighting. On inspection, the data files for B’s activities showed that 
there were a greater number of shorter, disconnected activities, typically where general
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administration activities were carried out such as web-based email checks or, for example, 
booking office equipment using the corporate intranet. In these activities, particularly 
where there was a larger amount o f task switching, document interest classifications were 
often incorrect and the associated dependencies meaningless or of little future value.
However, there were also a number of instances where valuable dependencies were 
identified in participant B’s tasks. For example, a proportion of B’s time was spent 
carrying out web design and programming. In some cases there were Internet searches 
carried out for specific programming functions relating to the web applications being 
created. The algorithm correctly identified the useful information sources referred to that 
were inputs for these tasks.
Overall, it may be concluded from these observations that the classification algorithm 
responds more effectively to longer tasks involving a variety of documents which are more 
likely to be driven by specific objectives and information needs.
9.5 Limitations of the evaluation
It may have possibly been more accurate if the computer user themselves had performed 
the manual assessment at the end o f each session, instead of the author performing this 
task at a later date based on the user provided data, task notes and interaction chart It is 
intended that this alternative strategy may be employed in further research to address this 
less accurate approach. Furthermore, in taking this alternative approach, the possibilities 
for inconsistencies in the user provided data, e.g. where the computer user becomes tired 
of providing additional data would be eliminated.
However, there were some measures taken to ensure that the context in which documents 
had been used was recorded accurately for later analysis. In addition to the on-screen 
prompts for task specification and document relevance or interest, the user was asked to 
record any additional notes about their activity using pen and paper. These notes typically 
included motivations or reasoning for actions not covered by the onscreen dialogues.
9.6 Conclusions
In this chapter, an evaluation o f the novel BCI approach for automatically identifying 
contextual dependencies between documents used in computing tasks has been presented.
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Overall, the results show that although the approach is a long way from being completely 
accurate, it does go a considerable way to aiding in the implicit detection of the useful 
documents and dependencies between them in computing tasks. Furthermore, it is the 
author’s view that the accuracy o f the approach may possibly be improved using additional 
evidence relating to user interactions, such as scrolling activity. Research into additional 
evidence and different combinations of evidence provide interesting areas for further 
research. However, the evaluation has also highlighted that this particular approach may 
only be beneficial in certain application contexts which are dependent on aspects of a 
computer user’s interaction style and their working domain; as discussed in Section 9.4.
Favourable features of the approach include the fact that the evidence used in the 
evaluation is largely implicit and so less intrusive on the user’s activities. In addition, the 
dependencies specified as a result of the evaluation are in machine readable format and so 
their utilixation in information management systems is readily achievable.
The BCI approach is discussed further in the conclusions chapter where it is considered in 




This chapter summarises the results of the research conducted in this project.
In section 10.1 an overview of the general path taken in the research is 
presented. A summary of the primary research contributions are then 
provided in sections 10.2. In section 10.3 the applicability of the research is 
discussed in design engineering and other domains. In the remaining sections, 
considerations relating to the original research questions, a model illustrating 
the placement of the research, a discussion the limitations o f the research and 
possible areas for further research are provided.
10.1 Overview of the path taken in the research
This research began with a clear and well defined starting point, when an investigation into 
the possible benefits o f push technology for engineers was proposed, particularly in the 
aerospace industry. At that time, and indeed at the time of writing this thesis, details about 
what exactly constitutes push technology are ill-defined and have no real consensus in the 
literature. However, ‘information push’ has had continued interest and is dealt with in 
recent academic writings (Gnasa et al 2005; Xin et al 2005). This is possibly due to the 
intuitive nature of the term, particularly when it is considered in contrast to ‘pulling’ or 
retrieving information; in the author’s experience, the concept o f information push was 
always easily grasped by those unfamiliar with the term in discussions about the author’s 
research topic.
These aspects, the ill-defined but intuitive nature of the term, provided the impetus for the 
first real questions to be answered in the research: How can push technology be most 
effectively and accurately defined to reflect its use-case in academia and commerce? 
Secondly, is it possible to create a paradigm model defining the scope and bounds for 
information push?
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The model developed by the author early in the research was invaluable in two respects. In 
a general sense, as a research contribution it provides a unique and coherent perspective 
on an information push paradigm; this is discussed further in section 10.2.1. However, 
critically, from the perspective of the research project, it provided a framework which 
articulated the constraints within which the research could be conducted.
All subsequent stages of the research project were associated with either the development 
of approaches within the framework defined by the model or an analysis or review of how 
such technologies could be beneficially used within the target domain, engineering design. 
Indeed, a cyclic iteration between these ‘descriptive’ and ‘prescriptive’ research activities 
(Blessing 2002) as shown in Figure 10-1, strongly influenced the nature of the research 
contributions that resulted from the research. This was a key part of the overall design 
methodology adopted as articulated in Chapter 1.
The first contribution resulting from this cycle was the identification of a range of possible 
push approaches in design, presented in Chapter 5, where research associated with the 
enabling technologies for information push were articulated, refined and extended to 
address the information management problems identified in the literature provided by the 
design community (reviewed in Chapter 4).
In later stages of the research, the same iterative cycle shown in Figure 10-1 continued but 
the research moved on from being largely based on existing findings in the literature to a 
research approach more reliant on the implementation and testing of the author’s ideas; as 
well as empirical observations, the implementation of the CIFLEX prototype, a system for 
supporting a task-centred approach to information push and its evaluation in industrial













Figure 10-1: The cycle between research themes through primary 
stages o f the project
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and academic settings provided an examples of this research approach.
Overall, it can be concluded that the two driving factors that have directed the path of the 
research have been the demand for more efficient working practice in information 
intensive industries such as engineering design and the promise held by exciting emerging 
technologies enabling information push to become more of a realistic and useful 
proposition in information management.
10.2 Summary of key contributions
Three primary contributions resulting from this research are summarised in this section:
(i) The Information Push Paradigm Model (IPM);
(ii) The Activity Profiling Methodology (APM);
(iii) The Bayesian Evaluation of Context Indicators (BCI) approach.
Before reviewing each contribution in detail, it is worth illustrating how they followed on 
from each other during the course of the research. Figure 10-2 illustrates both the order 
and scope of these contributions.
The IPM is a ‘descriptive’ (Blessing 2002) contribution which is most general in scope. 
The model defines two primary modes of information push and, as stated in the previous 
section, it fully defines the area of inquiry within the research. The APM offers a 
‘prescriptive’ contribution, which articulates a methodology enabling the task-centred 
mode of information push defined by the IPM. Finally, the BCI is another ‘prescriptive’
General in scopeSpeculative IPM
APM
BCIAmenable to validation Narrower in scope
Figure 10-2: Diagram illustrating the order and scope of the key 
contributions to knowledge of this research
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(Blessing 2002) approach which was developed as a partial implementation o f the APM 
but is much narrower in scope to enable it to be evaluated and tested within the research 
programme.
10.2.1 The Information Push Paradigm M odel (IPM)
The IPM defines a special case for meeting a computer user’s information need, where the 
computer user is not actively involved in the retrieval and presentation of relevant or 
timely information. The model articulates two general modes in which information can be 
pushed. This proposition is derived from the observation that a dynamic element is always 
required for information push to be possible and that this will arise from either or both of 
the following situations:
•  A change in the context o f the computer user’s current activity or focus and hence 
a change in their information need
•  A change in the working environment o f the computer user resultant from the 
actions of others or other external factors, e.g. new information available or 
published.
Consequently, two general strategies for the development o f push technologies are 
apparent:
• Strategies which involve the monitoring of a computer user’s actions or 
information use to interpret or deduce the changing context o f the computer 
user’s activity and retrieve relevant information accordingly.
•  Strategies which involve the monitoring of some external aspect of the computer 
user’s working environment to retrieve and present relevant information based on 
the longstanding or general information preferences of the computer user.
Such strategies may be used individually or in combination within the development of 
information push systems.
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10.2.2 The Activity Profiling Methodology (APM )
In the development of the APM some theoretical speculation is made on the implications 
o f capturing activity profiles which provide better support for information push 
approaches. The main proposition within the APM is that records of user actions and 
referenced information should be captured and stored as outputs from the design tasks in 
addition to formal, structured information which is traditionally the only output retained.
The hypothesis put forward is that the automatically captured records of design tasks 
could provide systems with details about the contexts in which information has historically 
been used and hence provide automated systems with better and more substantial data on 
which to base recommendations.
In Chapter 6 a number of perspectives were considered in the development o f the APM, 
including models o f the information lifecycle, the nature of context in design tasks and 
also an information theoretic perspective on the implications of storing the extra (and 
possibly repeated and redundant) information for sustaining engineering designs.
Some initial and tentative conclusions on the benefits o f the APM include the capture of 
more complete records of the design process and better support for push technology. 
However, possible negative issues associated with information overload were also 
acknowledged. It is also concluded that the suitability of the APM is dependent on the 
type of activity and the longevity and reuse characteristics of the information involved.
10.2.3 The Bayesian Evaluation of Context Indicators (BCI) approach
The essence of the BCI approach was to attempt a partial implementation o f the APM in 
the form of a context-driven document association system. Four temporal metrics and 
two document use-case metrics were evaluated for their usefulness in achieving this goal. 
A software test tig, the CIFLEX prototype, was created enabling the assessment o f 
associated documents using a Bayesian classification algorithm in addition to a manual 
user-based assessment The experiments carried out using the test rig successfully enabled 
the evaluation of two novel aspects:
•  The identification of information contexts, a prerequisite characteristic of design tasks 
enabling approaches based on the APM to be successful, i.e. information contexts
10-5
O v e r a l l  C o n c l u s i o n s
primarily define documents of common interest or utility within tasks as discussed 
in section 6.2.3.
• The evaluation of metrics for identifying information contexts.
The results drawn from experimentation and testing using the software prototype indicate 
that:
•  In certain cases, the information contexts theorised are observable characteristics 
of computing tasks.
• Approaches using the metrics identified can be used to capture information 
contexts which, in turn, can then be stored and reused to form the basis for 
recommendations to computer users in similar contexts.
The evaluation has also some general limitations in regard of appropriate working domains 
and interaction styles. More specifically, the results and analysis showed that the 
classification algorithm responded more effectively to longer tasks involving a variety o f 
documents which are more likely to be driven by specific objectives and information 
needs and less so for shorter, disconnected activities.
However, it should also be noted that the approach is mainly based on aspects of user 
interactions which are captured implicidy and do not add any additional burden on 
activities. As such, the established relationships can be considered as a low cost resource 
that has the potential to improve the ability o f information retrieval systems to respond to 
queries relating to the context in which documents are used; an aspect o f search 
functionality not supported in conventional content-based retrieval methods.
Overall, the possible additional benefits o f improved responsiveness to task or context- 
centred retrieval using the approach investigated may include: (i) a reduction in the 
amount o f duplicated work in cases where information related to the same or similar tasks 
would otherwise not be found; and (ii) reduced retrieval times where a lesser amount of 
searching is required to satisfy an information need. The latter is particularly important as 
the time spent searching for information is a significant barrier to productivity in
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engineering practices; a point which has been noted in various academic studies identified 
in the literature review (Lowe 2002; Hales 1991).
10.3 Applicability of the research
This research was undertaken with applications in engineering design in mind and in 
particular, with consideration and emphasis on the aerospace sector. However, the cross- 
disciplinary elements o f the research and the nature o f the contributions lead the author to 
conclude that the research is of considerable relevance in other fields.
The IPM contribution has most relevance to communities researching general knowledge 
management issues and also the IR and recommender systems research communities 
identified in Chapter 2.
The APM and BCI contributions were developed and are particularly suited to the 
aerospace sector where the design lifecycle is long and the associated information base is 
developed by a large number of people; this aspect was discussed in Chapter 6. However, 
similar information use characteristics may also be present in a number o f other domains 
and industries particularly where: (i) intellectual processing of information takes place; and
(ii) a core set of information is developed and worked on over an extended duration. For 
example, working environments in software development, legal services and areas of 
academic research may also provide appropriate domains. However, it is acknowledged 
that the suitability of this approach is likely to be limited to these or similar areas. 
Investigation into applications in these domains is an area for future research.
10.4 Considerations associated with the original research questions
In this section the following primary research questions identified at the beginning of the 
research project are addressed:
• W hat technologies exist or could be developed to enable information push 
approaches to be adopted? This question was primarily dealt with in Chapters 2 
and 3 where a comprehensive review o f existing technologies was provided. The 
review indicated 2 general areas o f existing push technology. In particular, 
personalised information push technologies, including collaborative filtering and 
content syndication were identified as the dominant technologies in this area.
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Additionally, a number of task-centred push technologies were identified including 
agent-based-systems and approaches involving the use of implicit indicators for an 
identification of information needs. The latter technologies and approaches were 
chosen for further development in subsequent chapters.
• What sort of information can be usefully delivered to a designer and what 
needs to be deduced about a designer’s activities in  order to do this? This 
question was primarily dealt with in Chapter 4, where a review of information 
management issues in engineering design was provided. The review identified that 
information push could provide a useful supporting function for novice designers 
and also aid in the exchange o f information in geographically dispersed project 
teams. However, most importandy, the identification o f information reuse as a 
central requirement in the development of designs highlighted possibly the most 
useful role for task-centred approaches to information push for providing related 
design information. The Activity Profiling Methodology presented in Chapter 6 
identified a range of implicit evidence that could be gathered from designer’s 
activities to support this approach.
Although these questions were primarily addressed in the early stages o f the project, they 
were particularly useful for setting the direction for the rest of the project and identifying 
the research avenues o f most interest.
10.5 Network of influential factors in the research
A model defining the ‘network o f influential factors’ is a useful tool provided by the 
Design Research Methodology (Blessing 2002) for identifying the overall placement and 
impact of research projects. A network o f influential factors for this research is shown in 
Figure 10-3. Three particular aspects o f the model are of interest:
•  The hypothesis criteria (purple), which articulate the central propositions to be 
investigated or the unknown elements which require validation.
• The measurable factors (green), which articulate the aspects of the research which 
are possible to measure or assess within the scope of the research project typically
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(+) G reater or higher is desirable 
(-) L esser or lower is undesirable
Influential factor:
(+) G reater or higher is undesirable 
(-) L esser or lower is desirable
G reater or higher characteristic of 
ca u se  and  effect relation
L esse r or lower characteristic of 
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  Relation under primary investigation
-  — — — Relation under secondary  investigation
Key relations to
be promoted
Figure 10-3: Network o f influential factors (Blessing 2002) 
associated with this research
from an assessment of literature or through an empirical or experimental 
evaluation.
• The success factors (blue) that represent the overall goals of the project which 
define the broader context and placement of the research are typically those which 
cannot be measured or validated within the scope of the project but are assumed 
to be influenced by the measurable criteria under investigation.
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In descriptive research projects, the overall objectives tend to be oriented towards identifying 
the relationships between influential factors, whereas prescriptive research projects tend to 
be associated with promoting a desired effect or influence on factors higher up the chain.
The model shown in Figure 10-3 nicely illustrates the overall placement of the research 
and in particular the overall motivations for the investigation into information push in 
design, as identified by the key relations annotated in Figure 10-3 promoting awareness of 
supporting design information and reducing the time designers spend retrieving 
information.
10.6 Limitations of the Research
A primary limitation associated with this research is that, due to the nature of the 
proposed methodology and the resources and time available, a complete qualitative 
evaluation o f the usefulness and usability o f recommendations provided by the notifier 
component o f the CIFLEX software prototype has not been possible. The main reason 
for this is that an objective assessment o f the usefulness o f recommendations requires a 
larger scale deployment of the approach than has been possible, where the dependencies 
that are the basis for recommendations within a given document set are allowed to 
accumulate to a level where knowledge workers are able to evaluate and make use o f the 
dependencies implicitly assigned by others.
More specifically, in order for a complete and comprehensive validation o f this aspect, it is 
envisaged that a pilot deployment o f the software prototype and approach would ideally 
involve a team of 10 or more project engineers all working on the same project over a 
duration o f 6 months or more. During this period, the number o f instances o f information 
discovery and reuse36 across team members would have increased to significant levels for 
the value of recommendations to be properly measured and evaluated.
However, from the experiments conducted within w o  engineering companies and one 
academic institution the results have identified: (i) the existence of information contexts, a 
prerequisite characteristic o f design tasks for the approach to be successful; and (ii) an
36 Information discovery and reuse are key aspects which are required to be present in design tasks for the approaches 
detailed in this thesis to be of benefit Information discovery enables new dependencies to be identified from the 
information contexts in design tasks. Information reuse (i.e. the same information referred to by another member of 
the project team) is required so that the dependencies can be utilised to make recommendations.
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algorithm for extracting document dependencies from information contexts with 
reasonable performance. The results from these novel key findings add credence to the 
feasibility, relevance and applicability o f the approach. Furthermore, the findings 
established stand on their own merit and have applicability and relevance more generally, 
e.g. in the design science and information retrieval research communities as discussed in 
the publications resulting from this research.
It should also be noted that this research is characterised by a project in the initial 
“descriptive” and “prescriptive” phases in the conceptual framework of Blessing’s 
research methodology; there is much scope for conducting further experimentation and 
validation in future work as described in section 10.7.
10.7 Future Work
A number o f areas identified by the author as being worthy of further research are 
presented in the following sections.
10.7.1 Improving the capture of useful activity profile data in computing applications 
One finding resulting from the development of the prototype was that the support for 
interfacing with operating systems and software applications to capture the sorts of data 
required was rather limited. More specifically, the ultimate objective was to be able to track 
aspects such as the exact part of a document or other information entity being browsed at 
a given time or the exact part of a document that had been edited and to be able to do this 
across all types of software application that may be used during the course o f a computer 
user’s activities. However, the functionality associated with the capture of highly detailed 
records of user actions across numerous different applications, e.g. email and internet 
browsers, word process, spreadsheets, CAD packages etc, was simply not possible. One 
primary reason for this is that the software applications of interest originate from a variety 
o f different software vendors, and the scope for extracting the data from each type of 
application is dependent on whether an appropriate programming interface exists for 
performing the functions required; for many applications little or no support is provided.
Furthermore, for the majority of applications associated with the editing or creation of 
documents, the end result, i.e. the document in its final state, is the only aspect of which 
such applications are designed to provide a record. All intermediate steps in the
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construction, development or editing o f a document are not usually accessible or stored in 
any way. This barrier could possibly be overcome if a standardised approach allowing for 
the accessibility and retention o f such data could be universally adopted by the vendors of 
related software applications. The compilation of useful data across all relevant 
applications to provide a complete picture of a computer user’s activities would then be 
much more easily achievable.
A further point alluded to in section 2.3.3 relates to the limited support provided by 
operating systems for the capture o f task switching data. An alternative approach to user 
interface design, which adds convenience to the user by organising and keeping separate 
information associated with each task, would also make it much easier for automated 
systems to identify and distinguish between information supporting a particular task and 
information that has no relevance, i.e. relates to a different task
Research into methods or protocols which can be adopted in the development o f software 
applications that evaluate alternative approaches for capturing data relating to information 
creation, information browsing and task switching data would be an area worthy of future 
research. It should be noted that such research would have general applications in 
improving the general traceability of development work in organisations and not only 
information push approaches based on the activity profiling methodology discussed in this 
thesis.
10.7.2 Applicability in other domains
It was noted previously that the APM may be well suited to other working domains in 
addition to engineering design. Other possible working domains may be characterised by 
those where: (i) intellectual processing of information takes place; and (ii) a core set of 
information is developed and worked on and is the subject of usage, revision and 
refinement over time. The identification and evaluation of other working domains with 
these characteristics may be a worthy area of future research.
10.7.3 Ergonomic issues associated with information push
Information push approaches typically involve a direct and unexpected interaction with 
the computer user. As such there are a number o f human factors and usability issues 
which require careful consideration in the design o f the systems that implement them.
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Some particularly important questions are, for example, how can a user be alerted or 
presented with relevant information but at the same time be subjected to minimal 
disruption to ensure continuity in the task being currently undertaken? Furthermore, can 
the interaction data gathered from the computer user also be utilised to evaluate or predict 
the periods where a computer user is busy or active (and should not be disrupted) and the 
other periods where the presentation o f potentially relevant information would be more 
likely to have a positive impact?
Although such issues were given some attention in this thesis, a full investigation into 
these aspects will require further observational and cognitive studies which are beyond the 
scope of this work. Research into these areas would add to the limited amount o f 
interesting research undertaken in this area (Iqbal & Horvitz 2007).
10.7.4 Wider evaluation and testing
Further testing using the CIFLEX software prototype would be beneficial to extend the 
validation o f the approaches and methods presented in this work. In particular, a 
qualitative evaluation o f the benefits o f recommendations provided by the CIFLEX 
notifier component undertaken over an extended period would enable more confirmatory 
conclusions to be drawn on the benefits or otherwise of the approaches developed. A 
qualitative assessment might include a post experiment, reflective assessment of the 
benefits of recommendations provided to those involved in the study. Such research 
would compliment the existing findings established in this work.
10.8 Overall Conclusions
There are a wide variety of recommender systems for evaluating the utility or interest of 
documents in respect of users’ preferences for information (Goldberg et al 1992, Resnik et 
al 1994, Wang et al 2006). However, in engineering and possibly other technical domains 
there is considerable scope and potential benefit for being able to evaluate and respond to 
users’ information requirements in the context of their current activities.
In essence, this research has been undertaken to understand and then develop new 
strategies for responding to activity context, with the aim of providing enhanced support 
for users o f electronic information. This novel work has involved an exploration o f a 
range o f possible approaches under the consideration o f associated emerging technologies
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and relevant information management issues in engineering design. This initial 
investigation resulted in the identification and subsequent refinement o f a promising new 
approach where historical activity contexts and associated information is paired with the 
current activity context to identify relevant information which can be presented to the 
computer user. Some key aspects o f the approach have been validated from a number o f 
experiments conducted using a software prototype. However, the research has highlighted 
that there are several areas where there is much scope for further research and 
investigation.
Note: The research conducted in this project has resulted in 1 Journal paper and several 
refereed conference papers. Details o f these publications can be found in Appendix D.
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STATE-OF-THE-ART ASSESSMENT OF 
PUSH TECHNOLOGIES
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A number of preliminary research experiments and development work was undertaken by 
the author in the preliminary stages of this work to investigate possible approaches to 
information push. In particular, the experiments included:
•  An Internet activity monitor used to evaluate the potential o f a Google™ application 
interface that could be used for the filtering of new information published on the 
websites of academic institutions.
•  The use of proprietary software to monitor design sessions. In particular the 
experiments undertaken using this software allowed for initial investigations into 
designers’ interactions with CAD models and documentation to be undertaken. 
The central objective was to establish whether the extraction o f interactions could
be used to form a dynamic profile, representing current information needs.
This preliminary work is discussed in the following sections.
B.l Internet activity monitor
An investigation into feasibility of an approach designed to help researchers keep up to
date with advances in their field was undertaken using the Google™ API (Application 
Programming Interface) in the early stages of the research. The software incorporated 
functionality that could be used for the purpose of autonomous retrieval (via the 
automated execution o f internet search queries), and filtering of new information (using a 
date range function provided by the API to process new information posted on Internet 
sites).
B-l
P r e l i m i n a r y  r e s e a r c h  e x p e r i m e n t s
B.1.1 Overview of the A P I
The Google API provides functionality allowing software engineers to incorporate 
Internet searches into their applications for the purposes o f retrieving information or 
collecting statistical data. Essentially, the tool allows search queries to be initiated by an 
application thread instead o f the computer user. The principle benefit o f  using the API 
over conventional methods for conducting Internet searches manually is that the search 
results can be filtered and displayed in customised way. A  further benefit is that a large 
number o f searches can be carried out autonomously and in short period o f time 
(primarily dependant on the bandwidth o f the Internet connection). For example, large 
numbers o f  independent searches can be executed in batches and the results manipulated 
programmatically before being presented to the user.
B. 1.2 Description of software functionality
In the Internet activity monitor developed by the author, two criteria were defined, which were 
used as the basis o f a simple interest profile for executing autonomous search queries, 
namely the:
•  Search domain, defined by the website addresses to be searched. For example the 
user could specify all UK academic institution web sites by restricting the search to 
website addresses ending in ‘.ac.uk’. Alternatively the user could specify a list o f 
individual domain names from a list o f  favourite web sites.
•  Search terms, consisting o f search strings specified by user, defining their 
information preferences or their academic field o f  interest. In  the Internet activity 
monitor approach developed, each search term was coupled with a search domain 
defined by the user.
Using the Internet activity monitor an interest profile can be defined using search terms and 
search domains as described above. The software can then be configured or scheduled to 
perform searches at regular intervals to check if any new information matching the search 
criteria has been published. For example, the web-based software can be configured to ran 
every time a workstation is turned on. Alternatively, the software can be configured to run 
at regular intervals, for example weekly or monthly, as a scheduled task
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When the software has completed one search cycle at the defined interval it distinguishes 
old search results from new search results (using the Google search date range 
functionality) and calculates the amount of activity as a percentage, in terms of newly 
published material. The percentage figure is calculated by comparing 2 time periods 
defined by the user, for example the number of new search results in the last month 
compared with the total number of older results appearing in the year before. The 
information calculated is presented to the user in a web page, an example o f which can be 
seen in Figure 11-1. By default the web page appears every time a search is scheduled. 
Alternatively, the user can define an activity threshold level so that the information only 
appears if the activity level for a set o f search terms in a given search domain is above a 
certain level.
If the user wishes to investigate or examine the newly published material the user can 
select a hyperlink leading them to a more detailed presentation o f the search results for a 
particular search term (e.g. collaborative filtering) and domain (e.g. UK Universities) as 
shown in Figure 11-2. From this page the number o f individual search results can be 
viewed by the user. A further link directs the user to the newly published material.
01 Internet Activity Agent: Search Terms & Domains ■ Microsoft Internet
* l iFie gdit View Favorites Tods Help
E j  Bade * O  '  9  Search Favorites I f  Metfa 4 ?
Address £ )  http://127.0-0.1/cgi-bin/form.cgi
Internet Activity Agent
Search Terms & 
Domains
Domain Search Term Activity Threshold Ref. Date
UK Universities 'Collaborative Filtering' 4%
(9 'Information Push' 1 \%





This Web Application Uses The Coogle API 
6  2002 Google. Inc.
^  Internet
Figure 11-1: Web page presenting information on the amount of 
activity, based on the search terms and search domains defined by 
the user.
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B.1.3 Discussion
The tool was used over a period o f 2 months in order that a qualitative assessment o f 
benefits could be made. Some general comments on the timeliness and topic 
appropriateness o f the information returned by the tool are presented below.
• Timeliness: The author defined an interest profile containing search terms relevant 
to the research (i.e., information push) and a search domain including UK 
universities. On several occasions information was uncovered which had only 
recendy been published, including information posted on the author’s own 
university website (see results for www.bath.ac.uk, Figure 11-2).
•  Topic Appropriateness: The automated nature of the keyword searches, allowed for 
more specific search terms to be defined. This would not be possible had a 
conventional search technique been employed without the expenditure of large
iTActivity Results - Microsoft Internet Explorer
Fie Edit View Favorites loo ts Help
Q  Back * \ P  Favorites Media 0  88 ’ D
Aga’e--: £ j  h ttp ://127 .0 .0 . l/cp -b n /co u n t.e p n D -2 5 |vj Q  Go unks *
Internet Activity Agent
Activity Results for:
Search Term: "Information Push", Domain: UK Universities
^  2  ^  u»
n S 3 "
Establishm ent §L 5 S j
w w w .abdn.ac.uk 
w w w .aber.ac.uk 
w w w .anglia.ac.uk
w w w .bath .ac.uk  1 1 1
w w w .bham .ac.uk 
w w w .bilk .ac.uk 
w w w .bournem outh .ac.uk
w w w .bris.ac .uk  4 4 3 2
w w w .cam .ac.uk 
w w w .chelt.ac.uk 
w w w .cranfield.ac.uk
w w w .ed.ac.uk v |
4 ]  Done 0  Internet
Figure 11-2: Presentation o f the number of search results appearing 
in the periods defined by the column headers, (e.g., the second 
column shows material published to the websites indicated between 
1 week and 1 month.)
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amounts o f time. More specifically, a large number o f high precision queries can 
be carried out autonomously on a routine basis using an interest profile, where as 
this would become time consuming and not cost effective if a manual search 
method been adopted.
B. 1.4 Umitations
One drawback o f  the tool that was observed was to do with the ability o f  the Google API 
to accurately assess the date o f the publication of new material to the Internet. The date 
range functionality works by recording the date the first time a new web page is indexed 
by the search engine. However this is not always the date that the material is available on 
the Internet as this is dependent on the algorithms used to index new content It is also 
possible for Google’s indexing algorithm to mistake old content for new content, if the 
URL has changed, for example. However, these drawbacks are an inherent feature 
resulting from the uncontrolled manner in which material is published to the Internet. If  
the same methods were to be used on repository with some form o f  publishing control 
(i.e., a corporate information repository), instances o f new and revised content could be 
more closely monitored.
B.2 Proprietary software to monitor design sessions
The purpose o f this experimental work was to investigate whether a designer’s interactions 
with a computer could be interrogated to form a dynamic profile, representing current 
information needs. The experiment involved the recording o f  data about actions made at 
the human computer interface during the course o f a set design task. It was anticipated 
that data collected from experiment would be useful for identifying a number o f 
recordable elements having the potential to provide data about current information needs.
B.2.1 Case study on the detailed design of a cycle chain breaker 
One particular engineering task undertaken by the author, and recorded using the 
proprietary data capture software, involved the detailed design o f  a cycle chain breaker. 
This task included the modelling o f  components and assemblies in a CAD package, 
reference to standards information retrieved from the Internet and the sourcing o f 
standard components, also searched for and retrieved through the In ternet This 
combination o f  modelling and information seeking activities was designed to be
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representative of a typical design session for this part o f the design process. (Although an 
assumption is made that information seeking activities are primarily carried out through 
computer based search and retrieval methods).
In order to collect data on the computer interactions in the background o f the design task 
a number of proprietary software solutions were used. The following list o f elements was 
recorded:
• The URL and title o f web pages retrieved
•  The window in focus and the name and type of file being used at any point in time
• Keyboard entries
• Screenshots taken at 1 minute intervals during the design task 
B.2.2  Discussion
Having completed the design task the data collected was compiled and analysed. A general 
summary of the recorded data can be seen in graphical form in Figure 11-3 where the 
three main types of recorded data are shown (i.e. the type of CAD file that is being 
worked on, the type o f web pages accessed and the keyboard entries made).
The following conclusions were made from the analysis.
• The current CAD model (including feature, component or assembly) or document 
that is being worked on provides important information about current 
information needs.
Mon
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Figure 11-3: Graphical representation of data recorded through the 
course of the experiment
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• Keywords used in search queries generally represent the current information needs 
o f the designer. O f the 16 search queries used throughout the course o f the 
activity 11 queries were considered relevant to the current information needs in 
the evaluation carried out by the author.
• An initial assessment of command usage and usage patterns in CAD packages 
indicates that in some scenarios command usage can be an effective prompt for 
providing design reference material useful to a designer and in other scenarios they 
can be an effective prompt for providing help in using the software application. 
However, further research is required to validate these claims.
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In troduction
This document is a reference guide for 
participants of the pilot implementation of 
Ciflex II.
In the following section a brief introduction 
to the research objectives and the intended 
benefits o f the software for its users is given.
Within the remaining sections a technical 
description of the software functionality, 
operating system requirements and usage 
instructions are provided.
In addition, a description of the research 
methodology to be followed by participants 
of the pilot implementation is provided. This 
forms the basis o f an academic evaluation of 
the uses and potential benefits of the 
software by researchers at the University of 
Bath
The software and reference material within 
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Objectives and expected benefits
The Ciflex software has been developed ibr 
the investigation o f  an approach ibr the 
automated recommendation o f  related 
documents. The software makes 
recommendations which are based on 
historical records o f  document use -  
extracted either from the user themselves or 
others working with the same documents 
and other similar or related documents.
In order to achieve this functionality the 
software creates detailed electronic records 
o f  documents used in computing tasks. 
Specifically, the software performs three 
functions:
•  The capture o f  temporal data and 
document reference data including 
die current window in focus, the 
files being manipulated or used and 
the URLs o f  web pages browsed
•  The prompting o f  additional data 
from the user about their actions 
when certain events are triggered.
•  The automated recommendation o f  
documents used previously in 
similar situations or contexts.
It is intended that the software be used in 
information intensive tasks involving 
access to electronic documents from a 
variety o f  sources in personal archives and 
external web sources.
In summary, it is hoped that the expected 
benefits o f  using the software include (i) a 
reduction in the amount o f  duplicated work 
in cases where information related to the 
same or similar tasks would otherwise not 
be found, and (ii) reduced retrieval times 
where a lesser amount o f  searching is 
required to satisfy information needs.
Technical description
The software itself includes 3 components 
which automatically monitor desktop 
activity and access to local and web-based 
documents. A specification o f  the data 
collected is provided here.
Component 1: Application usage 
watcher
This component responds to window or 
application usage during the working 
session at any point while the software is 
activated. When the component detects that 
a new window is being used, time stamped 
data about foe application opened or 
brought into focus is recorded.
Component 2: File system watcher 
This component monitors a number o f  
folders (or directories) specified by foe 
user. Data on foe file name, date and time is 
collected when local documents are 
accessed or modified. It is intended that foe 
user selects the folders or directories where 
work with electronic documents is 
generally carried out when foe software is 
initially configured.
Component 3: Internet usage watcher 
This component responds to page 
navigation in Internet Explorer. When a 
user navigates away from a page, data on 
foe page title, foe URL and foe time spent 
browsing foe page is recorded.
Data capture
Table 1 provides further details o f  foe exact 
data collected by these components. All foe 
data is recoded in text based log files 
located in foe following directory:
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"C:\Program Files\University o f 
Bath\Ciflex\Logs"
Ciflex II 
co m ponen t
Auto cap tu red  d a ta
Application usage Event time
watcher W ndow  title
Internet usage Event time
watcher W eb page title
File system Event time
watcher Document nam e / type 
File action type (save, create 
etc)
T ahiv I : Ciflex II au tom atic  d a ta  collection
The log files may be viewed or edited by 
the user before being submitted for 
research purposes Also note thai the 
periods when data is collected by the 
software are easily controlled within the 
software.
System  requirem ents
Operating system requirements: 
Windows 2000 / Windows XP 
Prerequisite software:
Microsoft NET Framework Version 1.1 
and service pack 1.1. These are 
Redistributable Packages included on the 
Ciflex II installation CD and also available 
from the Microsoft website
Ciflex software
The software was developed using 
Microsoft Visual Studio NET 2003 The 














End session /  assign data
Cflex control centre -
Exit -
*
installation and user guide
Installation
The following procedure must be followed to 
install the software. (All the required setup files 
are located in the root directory o f  the CD.)
1. Log on as admin user
2. Install .NET framework 1.1. 
"dotnetfx.exe"
3. Install .NET framework 1.1 service pack 
"NDP1 Ispl . ..etc"
4 Install the Ciflex software - "Setup.msi"
5. Run "EnableFileAccess.bat" (Confirms / 
updates an XP/NT4 file access timestamp 
setting required by the software)
Once the application is installed it can be run 
from the “Programs" folder on the “Start” menu 
listed under the “Ciflex” heading. Note that the 
application can also be uninstalled from this 
menu.
When the application has loaded a blue icon will 
appear in the taskbar The icon indicates that the 
software is running in the background.
Ciflex control centre
All the main controls within the application can 
be accessed by right-clicking the blue icon. The 
main configuration options can be accessed from 
the “Ciflex control centre” option.
The right hand side o f  the configuration page 
shows which components o f  the software are 
currently active. The first component (coloured 
red) provides recommendations for related 
documents. The notifications occur when there 
has been a sufficient amount o f data collected 
and processed by the other three components 
(coloured blue).
By default all components are “On” whenever 
the application is loaded. However, the notifier
29/9/06
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Genets options
r  Load on startup S ’ Colect uset data
Conhgute usat data entiles
Notification display One (5 ^  (*)
cart be turned off if  only data collection is 
required, and likewise, the data collection 
components can be turned off if the application is 
only being used to make recommendations
On the left hand side o f  the configuration page 
some general and more specific options are 
available:
“General options” pane:
• “Load on startup" specifies whether 
Ciflex should run when the operating 
system starts
•  “Collect user data" specifies whether the 
user should be prompted to collect 
additional information about their 
activity. If this option is deselected the 3 
data collection components will still 
gather data that can be extracted 
automatically (i.e. document references 
and temporal data).
• The “Conftgure user data entries” button 
opens a new window where the data 
selections available to the user when they 
are prompted for information about their 
activity can be configured. These can be 
left to their default settings for the pilot 
implementation study
• The “Notification display time” option 
specifies how long notifications made by 
the application appear for in the bottom 
right hand comer o f  the screen. Note that 
the application makes two types o f 
notification, one to alert the user o f 
related documents and another to collect 
data about a given document handling 
event. These notifiers are discussed in the 
next section.
“File system watcher options” pane:
• The file type filter text box indicates all 
the local file types that Ciflex should 
collect on. Data will be collected from 
files ending with the extensions listed. 
This list can be appended to include other
C-6
C I F L E X  I I  p a r t i c i p a n t  r e f e r e n c e  g u i d e
types o f electronic document that are used 
in the working sessions o f the user.
• If the “Filter by file type" option is 
unselected then Ciflex will record data on 
all types o f file access or modification. 
This is undesirable as in some cases the 
operating systems reads or modifies files 
which are not related to the electronic 
documents being used in a working 
session.
•  The "Root folder” textbox specifies the 
location on the user's local disk that 
should be monitored for access and 
changes to electronic documents. If all the 
documents that are accessed by the user 
reside in the “My Documents” folder, 
then this should be selected.
•  If the user would like to restrict 
monitoring to a subset o f folders beneath 
the root folder, then a list o f sub folders 
can be added using the “Append” 
subfolders button. If there is no list in the 
Subfolders text box then the root folder 
will be monitored.
“Application usage watcher options” pane:
• The list provided in this pane refers to the 
system process and applications that the 
software should not collect data from. A 
list has been provided in the default 
installation which generally refers to 
operating system processes which do not 
need to be monitored. The application 
usage watcher is used to gather data from 
the applications that are used to access 
and modify documents (e.g. Word, or 
Excel) so these should not be included in 
this list. Note that the process name for 
Internet Explorer is included as a 
separate component (Web Usage 
Watcher) is used to collect data from this 
application.
• In most cases the above list does not need 
to be changed. Its primary purpose is to
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prevent the collection o f unwanted data 
about operating system processes.
Ciflex notifiers
Four types o f notifier exist within the application 
which may appear in response to an action made 
by the user. The notifiers appear for period of 
time, before disappearing again. The length o f 
time can be adjusted from the “Ciflex control 
centre" (See the previous section)
The first three blue notifiers shown on the left 
appear when data has been recorded by one o f 
the active watcher components. Optionally, the 
user can click anywhere on the notifier to bring 
up a window where additional data about their 
activity can be recorded along with the other data 
about the event. Note that the data selections 
available to the user are configurable from the 
“Ciflex control centre”. Participants o f the pilot 
study are not required to provide additional data 
for the purpose o f  the evaluation.
The red notifier makes recommendations about 
possibly related documents when associated data 
is contained within the applications data store, 
(these recommendations are based on the 
documents currently being used). The user can 
click anywhere within the notifier to bring up 
information about the related documents and, 
optionally open them from the corresponding 
buttons provided.
Task switching data
The Ciflex software also allows the user to 
provide more complete records about the 
working sessions being undertaken by allowing 
them to identify when they switch from one task 
to another
The user can specify individual tasks by right 
clicking the blue icon in the task bar and 
selecting “New task”. A form is presented where 
the user can provide a task title and description.
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Once this information is submitted this task is 
recorded by the software as being the active task. 
Up to 15 tasks can be added in a given working 
session. When a user wishes to switch between 
tasks, the “Return to task” option can be selected 
which is located under the “New task” option 
Under this menu selection, all the tasks are listed 
and the currently active task is marked with a 
check Note that participants are not required to 
provide additional data but can do if they would 
like to.
Assigning relationship data 
After a number o f working sessions have been 
undertaken the user can review the document 
data collected and assign the document 
dependencies which form the recommendations 
provided by the Ciflex notifier. The schedule for 
the participant in assigning document 
dependencies is provided in detail in the next 
section.
The main form for assigning relationship or 
dependency data can be accessed by right 
clicking the blue icon in the task bar and 
selecting “End session / assign data” From this 
form the working documents for each working 
session can be navigated using the “left” and 
“right” buttons towards the top left. The Ciflex 
software automatically splits the data collected 
into working sessions where continued activity 
has been monitored. The number o f  sessions and 
the period covered by each session is displayed at 
the top o f the form.
Essentially, the document dependencies can 
either be manually input by the user or estimated 
by the software using the temporal data and other 
data, such as the task switching data provided by 
the user. However, before the software can make 
predictions a training set is required which can be 
compiled from the manually input dependencies.
Two types o f  document dependencies can by 
specified between documents in a given working 
session. Firstly, a bidirectional Common Utility
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Assign default dependencies
Dependency where two documents have use or 
are o f interest in the same task carried out by the 
computer user For example, where documents x 
and y have both been useful in satisfying an
information need in a search carried out.
Secondly. a unidirectional Reference
Dependency where one document has been a 
reference source in the creation or editing o f 
another
Manually input dependencies 
For a manually input common utility 
dependency, select all documents to be included 
using the checkboxes to the left o f the document 
name and then select the “Common Utility 
Dependency” button For a manually input
reference dependency, select the parent 
document, then select the “Reference
Dependency" button. Now select the child
reference document(s). and finally select the
“Reference Dependency” button again
Alternatively a quicker method o f manually 
assigning a group o f default dependencies can be 
achieved from the “Assign dependencies
manually” pane on the left. By selecting the 
"Assign default dependencies" button all the 
documents listed are assigned with a common 
utility dependency There also are a number o f 
filter options above, to improve the accuracy 
using this technique. Also note that this pane also 
allows the user to specify the weakness or 
strength o f dependencies input by modifying the 
value in the associated text box.
Once dependencies have been successfully input 
the corresponding document reference numbers 
are displayed in the columns on the right. If 
dependencies need to be deselected (removed) 
then the same process for assigning the 
dependency can be used to remove them from the 
list.
When all the dependencies are correctly listed, 
the “Confirm dependencies" button can be 
selected to write them to the data store.
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In this section the schedule for participants who 
have volunteered to use the software in the pilot 
study is discussed.
B aye aan dependency clasahcahon
Use the buttons below to Iran or 
evslute dependencies lot the cunent 
session.
T i an using dependencies selected
Train |  Clear al tiamng data | 
E vaiuate dependencies usng baring data 
Evaluate |
Automatically input dependencies 
In order to automate the process for assigning 
dependencies, training data needs provided to the 
prediction algorithm. Training data can be input 
by manually specifying dependencies using the 
methods described in the previous section, and 
selecting the ‘Train” button from the “Bayesian 
dependency classification" pane (this should be 
done before selecting the “Confirm 
dependencies” button). The training data can be 
added to whenever the user decides to manually 
input dependencies Note that the more manually 
input data is provided the more accurate the 
predictions made by the algorithm should be
In order to clear all training data from the 
application’s data store, the “Clear training data” 
button can be selected
In order to use the prediction algorithm (once 
training data has been collected) to assign 
relationships select the “Evaluate" button, modify 
any incorrect dependencies from those listed and 
the right and then finally select the “Confirm 
dependencies” button
Dependency data  storage
Note that all training data and dependency data is 
permanently stored in xml and text files located 
in the applications install directory CC:\Program 
FilesXUniversity o f  Bath\Ciflex") until the 
software application is uninstalled.
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Methodology for pilot study
In this section die main research questions 
and the schedule for participants who have 
volunteered to use the software in die pilot 
study is discussed.
Research Questions 
The main aim o f  this pilot study is a 
qualitative evaluation o f  the benefits o f  
using the approach enabled by the software. 
This will be achieved by providing 
volunteers with a trial period o f  1 month 
where the software is used during their 
normal working routine. After which they 
will complete the short questionnaire 
provided in the last section o f  this 
document to allow for a qualitative 
assessment o f  the benefits and potential 
uses o f  die approach.
In particular the general research questions 
to be answered by this study are:
1. Has the use o f  the software and the 
general approach been o f  benefit to 
the user during the trial period.
2. What are the stronger and weaker 
points o f  using the approach and the 
software used in the 
implementation, in the opinion o f  
the participant.
3. Can die participant, having an 
understanding o f  the approach, 
identify scenarios or working 
domains where it would be o f  
benefit or value.
Pilot implementation procedure
The general procedure for this evaluation is
as follows.
1. In the first instance volunteers to 
take part in the trial period will be 
identified. There are two scenarios 
in which the software can be 
usefully evaluated. Preferably, 
where a pair or a small group o f  
volunteers work with the same 
electronic documents, the 
individuals within these pairings or 
small groups will each have a copy 
o f  the software installed on their 
machine. Then the dependencies 
assigned using the software can be 
shared amongst the pair or group 
later in the study. Where this is not 
possible individual participants will 
evaluate the benefits o f  the
dependencies assigned by 
themselves earlier in die study.
2. Once the participants have been 
identified the software will be
installed on their workstations, and 
they will be given a copy o f  this 
document and appropriate training 
or instructions on how to use die 
software.
3. The trial period will be conducted 
over the course o f  1 month. For the 
first 2 weeks participants will
activate the data collection
components to capture data in any 
working sessions involving die use, 
modification or creation o f  
electronic documents.
4. After 2 weeks the participant and / 
or the conductor o f  this experiment 
will browse through the sessions 
undertaken by the participant and 
manually assign document 
dependencies (or partially 
automatically assign dependencies 
using die prediction algorithm).
5. If the participant is part o f  a pairing 
or predefined group working with
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the same documents then the 
dependency data will be collated 
and then each participant will have 
a complete dataset including the 
dependencies assigned by others 
saved on their machine.
6. For the remaining 2 weeks the 
participants will activate the Ciflex 
notifier and take a mental note or
recorded note (depending on die 
participants preference), on the 
value o f  any recommendations 
provided by the software.
7. Finally at the end o f  the trial, the 
questionnaire found in the last 
section o f  this document will be 
completed by the participant before 
being submitted for analysis.
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Participant Questionnaire
This short questionnaire has been designed to investigate the participants experiences and 
general reflections on the benefits and usability o f  the software used in the trial.
General details:---------------------------------------------------------------------- --------------------------------------
. KEY:
ame' 1 = Yes /  Agree strongly
Job description (brief):.....................................................................  5 = No 7 Disagree stron8ly
Trial period details:
Roughly how many document recommendation notifications did you receive during the 
study?
Overall were the recommendations provided during the study:
useful? n  □  n  n  n
R,i™e n  n  n  □ n
Participant's reflections on the benefits of the software:
In the sort o f  work undertaken in your day-to-day routine, can you identify situations where
the capture and use o f  the data enabled by the software would be o f  potential benefit?   ____ ____
P  Q  □  □  □
Can you identify other certain types o f  work (not necessarily your work) or interactions styles
where the capture and use o f  the data enabled by the software would be o f  benefit? ____ ____ ____
n  q  □  a  □




Participant's reflections on the usability of the software
Was the use o f  the software and the notifications it provided 
Time consuming?
Disruptive?
n  O D D □
n  n  n  n  d
d  d  □  d  o
o  n  □ □ □
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If you have any other general comments please make a note o f  them here:
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